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INTRODUCTION 
Organisms living in rivers or streams are often subject 
to great environmental changes. Keeton (1963) studied the 
effects of water levels on the growth of a number of species 
of fish found in the Des Moines River. He obtained estimates 
of annual growth from scales of the fish, but also estimated 
seasonal growth for many species of fish. Since water levels 
vary over relatively short time periods, short-term or sea­
sonal growth should more clearly show the water level effects. 
The estimation of seasonal growth is a difficult problem, 
however. Large samples of fish need to be taken at frequent 
intervals throughout the season. River carpsuckers, Carpi-
odes carpio, are very abundant in the Des Moines River and 
relatively large samples are usually obtainable. Even with 
large samples, however, the mean weight or length of the 
fish in the population is estimated with considerable error. 
Since there is difficulty in determining the age of river 
carpsuckers from their scales (Keeton, 1963; Al-Rawi, 1964), 
samples cannot be readily stratified according to age to 
reduce sampling variability. Variations in sample data are 
sometimes so erratic that they do not seem to be taken from 
the same group of fish. This suggests that carpsuckers may 
show schooling behavior or at least show some tendency to 
group, which increases sampling variability. Because of the 
problems of obtaining satisfactory estimates of seasonal growth. 
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it was thought that a different approach might be tried. Con­
dition, or the relative "plumpness" of fish, is generally con­
sidered as another measure of well-being of fish. 
It was suggested that measurement of the seasonal con­
dition of river carpsuckers by the method of covariance 
(Mottley, 1941) might provide a basis for assessing the effects 
of water levels and other environmental factors on the growth 
of river carpsuckers. Condition, calculated in this way, has a 
smaller sampling variance than the mean weight or length of the 
fish in the sample upon which an estimate of growth would be 
based. This method should therefore help to overcome the prob­
lem of large sampling errors which is encountered in estimating 
seasonal growth. 
Since condition has been questioned as a measure of the 
well-being of fish (Tester, 1940; Kesteven, 1947; Martin, 1949) , 
it was decided to conduct a separate study to determine whether 
condition does measure the well-being of a fish. This problem 
was approached by determining the relationship between condition 
and growth, on the premise that growth is a good measure of the 
well-being of fish. Laboratory experiments were conducted on 
bluegills, Lepomis macrochirus, for this purpose. 
Since schooling behavior was suspected as a cause of the 
sampling difficulties, an attempt was made to determine the ex­
tent of schooling. Tags were placed on 1,228 river carpsuckers 
during June, July, and August of 1965. It was hoped that 
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grouping behavior could be detected if fish tagged on a given 
date and at a particular place would tend to be recaptured to­
gether again. The tagging data also reveal some information 
about the movement of carpsuckers. 
Spawning activity may also affect the length-weight rela­
tionship or condition of fish. It has not yet been determined 
whether carpsuckers spawn more than once in a single season. 
To gain further information pertaining to this subject egg 
counts were made for all females collected in 1964 and 1965 
which had sufficiently mature eggs. These counts were made by 
establishing a relation between egg weight and egg diameter, 
and then relating egg number to ovary weight and egg diameter. 
Further observations were also made on the sex ratio and spawn­
ing period of river carpsuckers. 
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THE CONDITION FACTOR AS A MEASURE 
OF WELL-BEING OF FISHES 
The "condition factor" as used in the following discussion 
is defined as: 
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K=AW/L where A is a constant and usually a multiple 
of 10, and W and L equal the weight and 
length of the fish respectively! 
or, 
K =W/aL^ where W and L are as defined above, and a 
^ and b are constants taken from the equation 
W=aL^ which describes the relationship be­
tween length and weight of the fish. 
A discussion of the pros and cons of using K versus has been 
given by many authors (e.g. Hile, 1936; LeCren, 1951; Morrow, 
1951; Blackburn, 1960). It will only be said here that if K is 
used and the length-weight equation calculated from the sample 
is not W=aL^, but W=aL^ where b is unequal to 3, the value of K 
may be expected to change with a change in length of the fish 
for which it is being calculated. It is for this reason that 
was originally proposed. However, different samples from the 
same population may differ in the value of b. If differences in 
b between samples are not due simply to sampling' variations, 
has also been standardized so that weight is expressed 
in grams and the standard length of the fish is measured in 
millimeters, with C being used as the symbol if English measure­
ments are used and R if weights are in grams and lengths in 
inches. For the purposes of this discussion, however, units of 
measurements are not important. 
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longer and shorter fish will show different seasonal trends in 
condition. 
There appear to be many factors which influence the condi­
tion factor and are not a reflection of the well-being of the 
fish. Some examples are; changes in weight of ovaries or 
testes associated with spawning; changes in stomach fullness of 
the fish; and changes in the specific gravity of the fish. 
Seasonal variations in the condition factor have been described 
by almost every worker who has looked for them. These varia­
tions have largely gone unexplained. The question of what is 
actually being measured when the condition factor is calculated 
therefore becomes pertinent. 
Spawning changes the weight of fish without changing the 
length and, therefore, changes the condition factor. LeCren 
(1951) found that changes in the condition factor were closely 
correlated with changes in the state of the gonads of the 
European perch, Perca fluviatilis. The effect of weight of 
the gonads on the condition factor was also examined by Morrow 
(1951), Qasim (1957), and Blackburn (1960). All of these 
authors concluded that gonad weight did not explain the greatest 
part of seasonal variability in the condition factor for the 
species which they studied. Deason and Hile (1947) and Van 
Qosten and Hile (1949) found fish having low condition factors 
during the peak of spawning rather than high as would be expected 
if gonad weight were the only factor influencing the condition 
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factor. Even in the study by LeCren (1951) immature perch showed 
a seasonal trend in the condition factor, and the mature fish 
showed a similar trend when their gonad weight was discounted. 
The seasonal trend in condition shown by most species, therefore, 
cannot be attributed to changes in the weight of the gonads. 
The spawning season does produce changes in the condition factor, 
however, and this cannot be disregarded as a source of varia­
bility whenever the condition factor is used. Also, since the 
gonads in some species attain a much higher weight in proportion 
to the body than other species, the effect of gonad development 
on the condition factor will vary with the species. 
Morrow (1951), Blackburn (1960) , and Kramer and Smith (1960) 
each concluded that stomach fullness contributed little to the 
variability in the condition factor of the fish. Morrow (1951) 
showed that stomach fullness was not as great a source of varia­
bility as gonad weight for the long horn sculpin, Myoxocephalus 
octodecimspinosus. The effect of stomach fullness on the con­
dition factor will also vary with the species of fish since it 
is easy to imagine that a carnivorous fish, which can ingest a 
fish almost its own size, would undergo much greater changes in 
weight due to stomach fullness than a herbivorous fish. Stomach 
fullness would be expected to explain very little of the 
seasonal variability of the condition factor of river carp-
suckers, which feed mainly on algae and insect larvae (Keeton, 
1963). 
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The values for a and b in the equation W=aL^ vary be­
tween populations of the same species and between samples 
within a population (Carlander, 1953; Smith, 1956; Chatwin, 
1959; Behmer, 1965; Applegate and Thomas, 1965). Since 
studies presenting data on seasonal changes in the condition 
factor are based on samples from the same population, only 
differences in the length-weight relation between samples 
need be considered. If the value of b differs significantly 
between samples from the same population, seasonal variations 
in condition will be different for different size groups of 
fish. If variations in b are great, separate analysis of 
condition for longer and shorter fish may be necessary. 
Brown (1946a) found a positive linear relationship be­
tween instantaneous growth in length and the condition factor 
in a controlled experiment on growth of brown trout, Salmo 
trutta. Instantaneous rate of growth in weight was not 
linearly related to the condition factor. Instantaneous rate 
of growth in weight was generally highest when the condition 
factor was low and lowest when the condition factor was high. 
But instantaneous rate of growth in weight was also low when 
the condition factor was relatively low. The overall rela­
tionship between instantaneous rate of growth in weight and 
the condition factor was cubic. 
Cooper (1953), Beyerle and Cooper (1960) , and Cooper et 
al. (1963) found that when trout were growing well, condition 
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increased rapidly and remained at a high level as long as 
rapid growth continued. Many other studies have found rapid 
growth associated with high condition factors, and slow growth, 
with low condition factors (Beckman, 1943; Bennett, 1948; 
Stroud, 1949; Hansen, 1951; Carlander et 1953; Smith, 
1956; Riemers, 1958; Thomas, 1963; Clugston, 1964; Rabe and 
Dyer, 1964; and Starrett and Fritz, 1965). 
On the other hand, rapid growth and good condition were 
not always found to be related (Belding, 1937; Smith, 1938; 
Jobes, 1943; Jobes, 1947; and Van Oosten and Hile, 1949). 
Some of the latter studies used an indirect measure of growth 
(e.g. the longest fish of an age class was considered the 
fastest growing or the oldest fish of a particular length was 
considered the slowest growing), and none of these studies 
took into consideration seasonal variation in growth, and con­
dition, The latter criticism can also be applied to some of 
the studies which found a relationship between growth and 
condition. 
Allen (1940/ p. 21) described the situation for the 
Atlantic salmon, Salmo salar: 
"Comparison of growth in weight with the seasonal 
changes in the condition factor shows that growth in 
length does not exactly coincide in time with growth 
in weight. When the young fish first begin to feed 
there is a rapid increase in the condition factor for 
the first five or six weeks; during this time the 
weight is increasing relatively more rapidly than the 
length. But, gradually, as condition rises, the rela­
tive difference in rate of increase disappears, and for 
a time length and weight increase together and condi­
tion remains steady. .... Condition remains high until 
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the end of the rapid growth period and then decreases 
slightly during the slow growth period. There is a greater 
decrease during the winter, and the condition factor is 
at a minimum just before the recommencement of growth 
in spring. ... Thus in both years the improvement in con­
dition corresponds with the rapid growth period and the 
slow decline with the slow growth period." 
McFadden (1961, p. 22) describes similar circumstances for the 
brook trout, Salvelinus fontinalis; 
"Although no growth in length of trout could be 
demonstrated until sometime between late January 
and early March, growth in weight began sometime between 
mid-December and mid-January (Figure 4). Growth in 
weight was more than proportional to growth in length 
until at least July." 
Seasonal variations in condition^ therefore, can be linked with 
seasonal variations in relative growth. Fish living in tem­
perate climates grow very slowly in winter, or may even lose 
weight during this period (Hansen, 1951; McFadden, 1961). 
Faster growth in weight relative to length at the initiation 
of the growing season may be associated with the rebuilding of 
reserves lost during the winter. For some species growth 
periodicity and loss of reserves may be related to seasonal 
temperature changes, because when temperatures are fairly con­
stant growth and condition show much smaller seasonal varia­
tions (Cooper, 1961; Clugston, 1964) . Brown (1946a), however, 
noted seasonal variations in growth of brown trout raised at a 
constant temperature. 
Tester (1940) showed that the specific gravity of the 
Pacific herring, Clupea pallasii, does not remain constant 
throughout the year. He further showed that the changes which 
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occurred in specific gravity were correlated with the fat con­
tent of the fish. Since fat has a lower specific gravity than 
other body tissues (Taylor, 1922), changes in specific gravity 
are to be expected whenever the fat content of the fish varies 
providing other adjustments are not made. The swim bladder 
provides for adjustment of specific gravity of most fish. 
KeSteven (1947) proposed a different method of calculating a 
condition factor based on the determination of changes in volume 
of the fish. However Reibisch, as quoted in Tester (1940, 
p. 462) , did not find great changes in the specific gravity of 
the plaice, and Blackburn (1960) found changes in specific 
gravity of the Australian barracouta, Thyrsites atun, to be in­
significant in relation to changes in volume which occurred 
throughout the year. Furthermore fish would have difficulty in 
swimming if their specific gravity changed much from that of 
water. The variation in fat content of the Australian barra­
couta is very similar to that of the Pacific herring, the species 
that Tester (1940) studied. From this it seems that changes in 
specific gravity cannot account for much of the seasonal 
variability of the condition factor. 
Many workers (e.g. Hile, 1936; Tester, 1940) have indicated 
that the condition factor should measure the "fatness" of a fish 
to be a measure of well-being. A number of studies have found 
correlations between fat or oil content of the fish and condition 
factor (Clark, 1928; Hart et al., 1940; Hickling, 1945; 
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Wohlschlag, 1954; Ball and Jones, 1960; Thomas, 1963; and 
2 3 
Warren et al., 1964). ' Tester (1940), However, did not obtain 
a significant correlation between oil content and the condition 
factor for the Pacific herring. Tester's sample did not in­
clude seasonal variation in condition. Hart et (1940) using 
the same species, obtained a significant correlation. Esch-
meyer and Phillips (1965) did not find a significant correlation 
between fat and relative weight (a measure of condition) in two 
species of Salvelinus. 
Fat appears to be generally correlated with the condition 
factor. Clark (1928) concluded that most of the changes in 
condition of the California sardine, Sardina caerulea, were 
associated with differences in fat content of the fish. Hick-
ling (1945, p. 124) also found that changes in condition of the 
pilchard, Sardina pilchardus, were mostly due to changes in its 
fat content. He states: 
"It would therefore appear that, as this section shows, 
the seasonal variations in the mean weight of a fish of 
given length described on p. 118 are due to the seasonal 
variations in the fat content, and, among the larger fish, 
to a slight extent to the seasonal variation in the con-' 
tent of 'residue'. The water content plays no part in 
the seasonal variation in mean weight of the fish, nor does 
the ash. The various constituents of the flesh of the 
pilchard may be likened to two, water and ash, which form 
^Hickling (1945) did not use K or Kn; he simply used 
weight for fish of the same length as a measure of condition. 
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Warren et al. (1964) correlated K with calorific value 
rather than fat per se. 
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a constant framework; one, fat, which is stored up in, 
and withdrawn from, this framework, the variations in fat 
causing variations in mean weight; and finally, 'resi­
due', no doubt mainly protein, which should probably be 
regarded as part of the permanent framework but which can 
also be drawn upon to some extent." 
That protein changes may also be involved to a lesser degree 
was suggested also by Ball and Jones (1960) , and the data pre­
sented by Blackburn (1960). Although a significant correlation 
between fat content and condition has generally been found, the 
correlation may not be good enough for accurate prediction of 
fat content from the condition factor. McBride et (1959) 
did not find Tester's "fat factor", based on the specific grav­
ity of the fish (see Tester, 1940), to be an accurate method 
of predicting fat content. Tester (1940), however, had found 
his "fat factor" to be more closely related to the fat content 
of the fish than was the condition factor. 
It seems somewhat questionable whether a high fat con­
tent really represents a state of good condition for a fish. 
Gerking (1955) found the fat content of the bluegill, Lepomis 
macrochirus, to be proportional with its rate of feeding. 
Insofar as this is true, fat content, and therefore the con­
dition factor, would measure the favorability of the environ­
ment to a fish (at least in regard to food abundance). Hick-
ling (1945) did not find the fish in peak condition during the 
months when they were feeding heaviest, however. Fish probably 
differ in their maintainence requirements (amount of food needed 
to maintain their size in contrast to food which can be used for 
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growth) at different times of the year, in relation to their 
activity (Swift, 1955), This would also influence the amount of 
fat which could be kept as storage. This may be the reason why 
the greatest fat content of the pilchard was not at the period 
of greatest food intake in the case described by Hickling (1945) . 
Riemers (1963, p. 42) presents some evidence that the con­
dition factor (at least grossly) does measure the physical con­
dition of the fish: 
"In every test, unusually lean fish have been pre­
dominant in the known mortalities; such fish have 
always been identifiable, by their lethargic ac­
tions, as potential mortalities." 
There appears to be sufficient evidence that the condition 
factor can measure the well-being of a fish, or at least the 
favorability of the environment to a fish. It should prove even 
more useful if its relationship with growth is better understood. 
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THE USE OF COVARIANCE TO 
CALCULATE CONDITION 
Mottley (1940) first used analysis of covariance as a 
measure of the average condition of a sample of fish. Using 
this method the average condition of fish in a sample is 
given by the adjusted mean of the logarithms of their weight. 
The formula for an adjusted mean is (Snedecor, 1956 p. 399): 
log W - b(log L - log L) 
in which b is a pooled estimate of the slope (equivalent to 
an average value of the slope for all samples), log L and 
log W are the mean logarithms of length and weight respec­
tively for fish in the sample, and log L is the grand average 
logarithm of length for all samples combined. 
The relationship between this measure of condition and 
is quite simple. If the constants b and a in the formula 
for are pooled estimates, made by pooling the data from 
all the samples for which condition is to be calculated, then 
the average of the logarithms of for a sample is equal to 
(except for constants) the adjusted mean for that sample. 
This can be shown algebraically; 
for an individual fish 
log = log W - b log L - log a 
for the sample 
average log = log W - b log L - log a 
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where log W and log L are as defined in the formula for an 
adjusted mean. 
Let ^ 
X = log W - b log L. 
Then 
average log = X - log a. (1) 
For the same sample the adjusted mean is equal to: 
log W - b (log L - log L) 
which can be written 
log W - b log L + b log L = X + b log L (2) 
The value (b log L) is a constant subtracted from each adjusted 
mean. Log a is also a constant in equation (1). Therefore, the 
adjusted mean is equal to the average logarithm of except for 
constants. They are exactly equal if log W (the grand average 
logarithm of weight for all samples) is subtracted from the ad­
justed mean. Thus, 
X + b log L - log W = X - Log a 
which is the same as (1). 
Thus, 
adjusted mean - log W = mean log K^. 
Although covariance is generally used to calculate adjusted 
means, the condition of an individual fish could be calculated 
as 
16 
log W - b (log L - log L) 
where log W and Log L are the logarithms of weight and length 
for that fish. 
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GROWTH AND LENGTH-WEIGHT RELATIONSHIPS 
OF BLUEGILLS IN THE LABORATORY 
Objectives and Methods 
Two separate experiments were conducted on the growth of 
bluegills in the laboratory. In the first experiment fish were 
starved and then fed at two different levels to see if levels 
of feeding would be associated with changes in the slope of the 
length-weight equation. The second experiment was designed to 
observe the relationship between growth and condition of the 
fish when small changes in weight and condition were occurring. 
Although each experiment was designed primarily for certain ob­
jectives as stated above, both experiments yield data on the 
length-weight relationship, growth, and condition of the fish. 
•ri^tank used for experiment 1 was rectangular in shape 
and held approximately 75 gallons of water. Twelve fish were 
present at the beginning of the experiment, but two died before 
the experiment was completed. In experiment 2 three tanks were 
used; tank 2 and tank 3 were of the type used in experiment 1, 
but tank 1 was trough-shaped and held about 68 gallons of water. 
The fish in tank 1 were held in separate screened compartments 
of approximately 5.7 gallon capacity each. This was intended 
to remove a possible social hierarchy effect on growth as 
described by Brown (1957). At the beginning of the experiment 
tanks 1, 2, and 3 held 11, 12, and 11 fish respectively. Two 
fish died in each of tanks 1 and 3 during the experiment. 
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All tanks were supplied with water from the University 
water supply at a rate of roughly one to two pints per minute. 
As the water entered each tank, it passed through an aerator 
which served to eliminate excessive chlorine from the water as 
well as aerate it. No attempt was made to control the tempera­
ture of water in the tanks. 
During experiment 1, and the first five weeks of experiment 
2, fish were fed onl% trout pellets. During the last five 
weeks of experiment 2, the diet of the fish was changed to 
ground Jb.eef kidney and trout pellets in an attempt to improve 
their feeding and growth. Growth did improve after the change. 
To be able to recognize individual fish, fish were branded 
with a dot or series of dots on one of their opercles. The 
apparatus used for branding the fish was modified from a 
feather burning set used in fletching arrows. Marks on many 
fish had to be renewed after four or five weeks. This method 
of marking of fish did not appear to injure the fish in any way. 
Fish in tank 1 during experiment 2 were not marked since they 
were in Separate compartments. 
The bluegills used in these experiments ranged in standard 
length from approximately 80 to 130 millimeters. The length and 
weight of each fish was measured three times on each measuring 
day. The standard length (from the tip of the snout to the end 
of the hypural plate) of each fish was taken to the nearest 
millimeter, and weights were measured to the nearest 0.1 gram on 
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a balance calibrated to the nearest 0.01 gram. The accuracy of 
the balance was checked on each measurement day by weighing an 
object of known weight. To further increase weighing accuracy 
in experiment 2, the excess water was blotted from each fish be­
fore weighing. During experiment 1 measurements were made on 
five different dates, the intervals between these dates ranging 
from approximately three to five weeks (Table 4). Fish were 
measured weekly during experiment 2, except for one period when 
12 days elapsed. Measurements during this experiment were made 
on 10 different dates (Table 2). 
An anaesthetic, quinaldine, was used to prevent injury 
to the fish. It was thought that the use of an anaesthetic 
would also improve measurement accuracy by immobilizing the 
fish. It has since been called to the attention of the author 
that the use of such an anaesthetic can disrupt the osmo­
regulation of the fish and thus cause it to take on water (see 
Parker, 1953). Some measurement variability may be due to the 
use of quinaldine, therefore. If any bias was introduced by 
this method, it is not believed to be of much consequence because 
the anaesthetic was used each time measurements were taken. Also, 
variability associated with measurement was often small in rela­
tion to changes in length and weight which occurred because of 
growth or loss of weight. When repeated measurements are taken 
from the same fish the later measurements may be biased by 
memory of the earlier measurements. To avoid this possibility. 
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the three measurements of an individual, fish were not taken 
consecutively. In this way, the length and weight of a fish 
was not usually remembered from one measurement time to the 
next. Personal biases in the data are, therefore, believed to 
be minimal. 
Calculations using the data from experiment 1 were done 
with a hand calculator. Most of the calculations using the data 
from experiment 2 were done on the 7074 IBM computer at the 
Statistical Laboratory of Iowa State University. 
During experiment 1 two fish died within the last period 
of the experiment. One of these fish was in poor condition at 
the start of the experiment; it became completely emaciated 
when the fish were not being fed and never recovered from this 
condition after feeding recommenced. No reason is known for 
the death of the other fish. 
Four mortalities occurred during experiment 2. Two fish 
died shortly after feeding with beef kidney was begun. The 
water in tank 1 became stagnant from decomposition of uneaten 
beef kidney and the mortality of these two fish was associated 
with this condition. The tanks were cleaned more frequently 
thereafter. The other two mortalities occurred in tank 3. 
The water supply entering the tank shut off due to an unknown 
cause and the water fell to a low level. To refill the tank 
the water was turned on at a slightly greater rate than normal. 
Several days later two fish in this tank died. 
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Variations in the Length-weight Slope 
Measurement variability 
Perhaps the best way to show the magnitude of the varia­
bility in measurements of a single fish taken on the same day 
is by presentation of some of the actual measurements of fish 
as they were recorded (Table 1). Lengths and weights given are 
for the smallest and largest fish of tank 1 during experiment 2. 
Weights were subject to slightly greater measuring variation in 
experiment 1 because fish were not blotted before weighing. 
Variations in length and weight, however, were usually much 
greater between measuring days in experiment 1 than experiment 2, 
Table 1, Example of measuring variability. Each fish was meas­
ured three times on each measuring day. Data are from 
the smallest and largest fish of tank 1 during experi­
ment 2 
Smallest Fish Largest Fish 
Date Length Weight Date Length Weight 
(mm.) (qms.) (mm.) (gms.) 
7.8 15.1 11.0 42.8 
12/9/65 7.9 15.0 1/18/66 10.9 42.8 
7.8 14.9 11.0 43.0 
7.9 14.3 11.0 45.3 
12/16/65 7.9 14.4 1/26/66 11.0 45.4 
7.8 14.5 11.1 45.3 
7.8 14.9 11.1 48.2 
12/23/65 7.8 14.9 2/1/66 11.1 48.3 
7.9 15.0 11.2 48.2 
7.9 14.4 11.3 50.7 
12/30/65 7.9 14.4 2/8/66 11.3 50.7 
7.9 14.8 11.2 50.1 
7.9 14.8 11.3 52.8 
1/6/66 7.9 14.9 2/15/66 11.3 52.8 
8.0 14.9 11.3 52.8 
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Differences in slope between dates 
Since each fish was measured three times on each day that 
measurements were taken, the slope of the length-weight equation 
can be calculated for each set of measurements. Three estimates 
of the slope can be obtained for fish in each of the three tanks, 
therefore, on any measurement date. The data from experiment 2 
were analyzed in this manner (Table 2). In experiment 1, how­
ever, the calculations were done on a hand calculator and only 
one slope was calculated for each tank on each date. This slope 
was calculated using the me «m length and weight, based on three 
measurements, of each fish from that tank. Because of this, 
it is not possible to analyze the data statistically from experi­
ment 1 in the same way as the data from experiment 2. The 
analysis of the data from the experiment 2 is therefore presented 
first, and it is then used to interpret the data from experiment 
1. 
It is of interest to look for differences in the slope be­
tween measuring dates. Such differences should be analogous to 
differences which might be present in field data when samples 
are collected on different dates. In these experiments each 
tank of fish can be considered an entire population, and, a 
different population (in a statistical sense) on each date that 
measurements are taken. If each fish could have been measured 
perfectly, any differences in the slope between dates would be 
real and tests of statistical significance would not have to be 
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Table 2. Values of the slope, b, for each set of measurements, 
each date, and each tank. Values of b are based on 
12 fish for tank 1 and 11 fish for tanks 1 and 3 
through January 6, 1966; they are based on 9 fish for 
tanks 1 and 3 starting with January 18, 1966 
Date Tank #1 Tank #2 Tank #3 
12/9/65 Measurement 1 3.222 3.333 3.386 
2 3.221 3.110 3.335 
3 3.228 3.328 3.376 
Average 3.227 3.257 3.366 
12/16/65 Measurement 1 3.356 3.219 3.488 
2 3.286 3.150 3.408 
3 3.209 3.208 3.444 
Average 3.284 3.192 3.447 
12/23/65 Measurement 1 3.237 3.226 3.409 
2 3.166 3.242 3.392 
3 3.177 3.134 3.465 
Average 3.193 3.201 3.422 
12/30/65 Measurement 1 3.298 3.309 3.467 
2 3.350 3.359 3.411 
3 3.255 3.299 3.469 
Average 3.301 3.322 3.449 
1/6/66 Measurement 1 3.296 3.457 3.429 
2 3.297 3.507 3.444 
3 3.259 3.373 3.496 
Average 3.284 3.446 3.456 
1/18/66 Measurement 1 3.186 3.086 3.508 
2 3.232 3.131 3.498 
3 3.186 3.112 3.554 
Average 3.201 3.110 3.520 
1/25/66 Measurement 1 3.036 3.150 3.645 
2 3.138 3.255 3.470 
3 2.951 3.030 3.409 
Average 3.042 3.145 3.508 
2/1/66 Measurement 1 3.251 3.213 3.600 
2 3.233 3.130 3.557 
3 3.107 3.197 3.484 
Average 3.197 3.180 3.547 
2/8/66 Measurement 1 3.284 2.999 3.538 
2 3.262 3.216 3.547 
3 3.309 3.123 3.541 
Average 3.285 3.113 3.542 
2/15/66 Measurement 1 3.385 3.140 3.580 
2 3.281 3.142 3.639 
3 3.401 3.125 3.409 
Average 3.356 3.136 3.543 
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made. But measurements were subject to error. An estimate of 
measuring error, therefore, is needed to test the significance 
of differences in the slope between dates. The testing or error 
mean square, used to test differences between slopes in analysis 
of covariance, is not simply an estimate of measuring variance. 
Rather than using analysis of covariance, therefore, analyses 
of variance of fa values were carried out (Table 3). For these 
statistical analyses to be appropriate the slopes should be 
normally distributed. This may not be quite true, but if the 
tests of significance are interpreted conservatively, serious 
error should not be introduced. The data from tanks 1 and 3 
were divided into two periods, because two fish died in each of 
these tanks in the middle of the experiment. The analysis of 
variance for the first five dates of tanks 1 and 3 is therefore 
based on 11 fish and the analysis for the last five dates is 
based on 9 fish. Since 12 fish were present in tank 2 throughout 
the experiment all dates are analyzed together. 
Differences in the slope were highly significant for the 
fish of tank 2 and the fish of tank 1 during the second period. 
Significance at the .05 level of probability was also approached 
for fish of tanks 1 and 3 during the first period. Only the 
fish of tank 3 during the second period showed a remarkably 
constant slope. 
Since only one slope was calculated for each date in ex­
periment 1, no estimate of measuring variance is available. 
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Table 3. Analyses of variance of the slope, b, to test the 
significance of differences in slope between meas­
urement dates 
EXPERIMENT 2 
Tank #1; Period #1 
df SSq MS F 
Total 
Dates 
Measurements 
14 
4 
10 
.04485 
.02562 
.01923 
.00641 
.00192 
3.33 
Tank #1; Period #2 
df SSq MS F 
Total 
Dates 
Measurements 
14 
4 
10 
.20656 
.16571 
.04085 
.04142 
.00410 
lO.l^* 
Tank #2 (all dates included) 
df SSq MS P 
Total 
Dates 
Measurements 
29 
9 
20 
.41020 
.30286 
.10734 
.03365 
.00537 
(>,21** 
Tank #3; Period #1 
df SSq MS F 
Total 
Dates 
Measurements 
14 
4 
10 
.02877 
.01650 
.01227 
.00412 
.00123 
3.35 
Tank #3; Period #2 
df SSq MS F 
Total 
Dates 
Measurements 
14 
4 
10 
.07074 
.00340 
.06734 
.00085 
.00673 
.13 
EXPERIMENT 1 
(10 fish, see Table 4) 
SSq MS F 
Dates 
Measurement 
4 
10 
.2731 
.06734 
.0683 
.00673 
10.2^^ 
••Significance at the 99 per cent level. 
^These figures taken from experiment 2, tank 3, period 2. 
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Also, the average slope for a particular date is not calculated 
in the same manner as in experiment 2, since it is based on mean 
lengths and weights of each fish. Both methods of calculation 
should give similar results, however. The data from experiment 
1 can be tested for differences in slope associated with meas-
' # 
uring dates if an estimate of measuring error from experiment 2 
is used. To be conservative, the maximum estimate of measuring 
error (Tank 3, period 2) was taken. Considering the high F 
value obtained, it seems safe to conclude that the differences 
in slope between dates are not simply due to measuring error 
(the tabular F value for the .05 level of probability is 3.48) , 
even though measuring error was greater in experiment 1 than 
experiment 2. 
Results of these analyses show that differences in the slope 
occur from date to date in the laboratory even when fish are 
given the same kind and amount of food (e.g. Tank 1, period 2). 
From this it is easy to see that variations in natural situations 
should also be expected. These differences in slope can perhaps 
best be regarded as evidence that the changes in condition of 
longer and shorter fish are not equal. 
An example of how the condition of one or two fish can 
affect the slope is shown in the following manner. Twelve fish 
started experiment 1, but two fish died during the last period 
of the experiment. The slope for all measuring dates except the 
last was calculated using all 12 fish; and contrasted with the 
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slope calculated using only the 10 fish completing the experi­
ment (Table 4). Exclusion of two individuals from the calcula­
tions resulted in a much lower slope for each date. The re­
sulting lower values of b are almost wholly due to exclusion of 
one of these fish, the smallest fish used in the experiment 
(standard length approximately 8.0 inches). It was obvious that 
Table 4. Values of the slope for experiment 1 based on 12 fish 
and on 10 fish 
Date 3/4/65 3/27/65 4/16/65 5/14/65 6/21/65 
12 fish 3.52 3.75 3.83 3.81 
10 fish 3.00 3.25 3.28 2.98 2.98 
this fish was in poor condition throughout the experiment. When 
logarithms of length and weight of all fish were plotted, the 
point corresponding to the smallest fish always deviated greatly 
from the line best describing the logarithms of length and weight 
of all the fish. Thus, when this fish was present in the calcu­
lations, the resulting slope was much higher than when it was 
absent. Smaller fish declined more in condition than larger 
fish during the periods of starvation (the first two periods of 
the experiment), and the resulting slope was raised (Table 4). 
During the third period of the experiment fish were given abun­
dant food. Smaller fish increased more in condition than larger 
fish and the slope was lowered. Pish were fed irregularly during 
the final period of the experiment and no change in the slope 
occurred. Since fish were not in separate compartments during 
this experiment, the possible effects of a social hierarchy 
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should not be overlooked. However, during experiment 2 the 
slope varied most for tank 1 where fish were in separate com­
partments (see Tables 2 and 3). 
Farris (1956) fed sardines, Sardinops caerulea, straight 
carbohydrate and straight protein diets. He used a starved 
group of fish as a control. The slope of the starved group and 
the group fed straight protein was approximately 2.0 at the 
end of the experiment, but the group fed straight carbohydrates 
had a slope greater than 3.5, closer to the "normal" slope for 
this species. Farris, however, did not calculate the slope for 
any of the fish at the beginning of the experiment. If the slopes 
were the same for all groups at the beginning the longer fish 
lost proportionately more weight than the shorter fish, when 
starved; the shorter fish added proportionately more weight than 
the longer fish on the protein diet; and the longer fish added 
proportionately more weight than the shorter fish on the carbo­
hydrate diet. These trends might not have continued over a 
longer period than that studied. Farris hypothesized that the 
protein-fed group would have assumed a slope close to "normal" 
if the experiment had been continued. Protein-fed sardines con­
tained the most fat at the end of the experiment. 
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Growth and Condition 
Measurement of growth 
A distinction must be made between growth and relative 
growth. Relative growth is defined here as growth in weight 
relative to growth in length.* Growth is defined here simply 
as a change in size or mass of the fish. Growth is therefore 
not expressed as a rate in this study except in Figure 7 for 
comparison with the work of Brown (1946a). 
Relative growth 
It is of interest to measure relative growth because 
changes in condition are dependent upon the relative growth 
in weight and length of the fish. Relative growth can be 
described by using the length-weight equation. When so used, 
the length-weight equation is a form of Huxley's relative 
growth equation (Huxley, 1932). This use of the length-weight 
equation should be kept distinct from a more common use of the 
length-weight equation — to describe the relationship between 
length and weight of a particular sample of fish. To use the 
length-weight equation to describe the relative growth of fish, 
measurements of the same fish should be made at different points 
in time. The length-weight equation as normally calculated rep-
^Relative growth has also been defined as the change in 
size of a fish relative to its initial size (Rounsefell and 
Everhart, 1953), and is widely used as thus defined in fisheries 
biology. The definition used here is in line with the usage of 
the term by Huxley (1932) and Thompson (1942). 
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resents the relationship between length and weight of a group of 
fish collected at a given time. If it could be assumed that the 
fish of different lengths have similar growth histories, the 
length-weight equation may also measure the relative growth of 
the average fish. Usually, however, this assumption is not 
valid. The shorter fish are often younger and thus have grown 
under different conditions than did the older fish during their 
early life. If the fish are all of the same age, the shorter 
fish have been the slower-growing of the group and may also 
differ in condition or body form from the faster-growing 
individuals. Martin (1949) showed that differences in body 
form between faster^-growing and slower-growing fish of the 
same age may occur during their early development. Furthermore 
the environment may be more favorable for larger fish as com­
pared to smaller fish or vice versa, resulting in differences 
in condition between larger or smaller fish. Often, however, 
measurement of the same individual or group of fish at dif­
ferent periods of time is not possible; the length-weight equa­
tion calculated from a wide size range of fish taken through­
out the season may then be the best description of relative 
growth of that species available. 
The relative growth of the fish in each tank during ex­
periment 2 was represented by plotting the mean log weight of 
the fish against the mean log length for each measurement date 
(Figure 2). The slope was fitted to these points by eye 
Figure 1. Relative growth of the fish in each tank during 
experiment 2 determined by plotting the mean 
log weight for each measurement date against 
mean log length (points fitted with dashed line) 
compared to the average slope for that tank 
(solid line) based on the data in Table 2 
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(dashed line) and this slope is compared (Table 5) with the 
average slope for that tank of fish (the average of all b 
values for that tank as given in Table 2). Differences be­
tween the slope describing relative growth of the fish in each 
tank and the average slope for that tank based on the length-
weight equation as normally calculated are important in under­
standing the relationship which occurred between growth and 
change in condition of bluegills in the laboratory concerning 
which data are presented later. 
Table 5. Comparison of the average slope, as normally calcu­
lated, with the slope describing relative growth 
calculated using the mean log length and log weight 
of the fish for each measurement date 
All 
Tank 1 Tank 2 Tank 3 fish 
Approximate slope based 
on means (dashed line in 
Figure 1) 4.4 4.8 4.4 4.4 
Average slope from 
Table 2 (solid line in 
Figure 1) 3.24 3.25 3.48 3.31 
The points plotted in Figure 1 for each tank are a repre­
sentation of relative growth of a group of fish. However, 
individual variation in relative growth exists. The slope, b, 
for each individual fish used in experiment 2 was calculated 
using the average log length and log weight of that individual 
for each measurement day. These values of b are plotted against 
the size of the fish at the beginning of the experiment 
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(Figure 2). Some of the variation in the b values is due to 
measuring variation. However, measuring variation is reduced 
because logarithms of lengths and weights of each fish used to 
calculate the slope were averages of three measurements. Most 
of the variation in b values in Figure 2, therefore, should be 
attributable to variation in relative growth. Relative growth 
appears to be largely independent of the size of the fish. 
Relative growth of an individual or a group of fish be­
tween two consecutive measurement dates can be estimated by the 
point-slope method of analytical geometry. Relative growth 
for a short period of time can be highly variable. Figure 3 
portrays variability in relative growth which occurred during 
experiment 1. Arrows indicate the time sequence of the points 
and the slope of the arrows represents relative growth. Some 
of the variability in relative growth is again due to measurement 
errors. It should be noted that when loss in length and weight 
occurs (Figure 3), growth is negative and a steeper slope might 
be expected since weight would be lost more easily than length. 
Condition as a measure of well-being 
Well-being is dependent upon the genetic makeup of a fish, 
its environment, and the interactions which occur between its 
genotype and the environment. The condition of a fish at any 
moment is considered to be a measure of the well-being of the 
fish at that moment, and is related to the past history of the 
fish over some length of time. To evaluate the effect of the 
environment on the well-being of a fish during a short period of 
Figure 2. Relative growth of individual fish measured as 
the slope fitting the mean log length and log 
weight of the individual on different measure­
ment dates plotted against the length of the 
fish at the beginning of the experiment. Data 
from experiment 2 
Figure 3. Mean log weight plotted against mean log length 
for each measurement date, experiment 1 (means 
from Table 7). Arrows indicate the time se­
quence of the points, and the slope of each , 
arrow represents relative growth for that' period 
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time, however, the changes in condition of the fish must be 
studied. The amount of growth of a fish during a given period 
of time is generally accepted as a good measure of the well-
being of the fish during that period; therefore, if changes in 
condition also measure well-being, they should be correlated 
with growth. The present work has attempted to evaluate changes 
in condition as a measure of well-being during a short period 
of time because the effects of water levels and water tempera­
ture on the well-being of river carpsuckers might best be eval­
uated in this manner. 
Mathematical relationship between growth and change in 
condition When condition is .calculated by the method of 
covariance, change in condition, AC, from one date to the next 
is given by 
log Wg - b(log Lg - log L) - log + b(log - log L) (3) 
where log and log are the average log weight and log 
length on the later measuring date, log and log are the 
average log weight and log length on the earlier measuring 
date, log L is the average log length for all samples com­
bined, and b is the pooled estimate of the slope for all 
samples, a constant in the equation. Expression (3) can be 
simplified to; 
AC = log Wg - log - b (log Lg - log . (4) 
Based on this equation, let us consider the possible rela­
tionships which could exist between change in condition and 
growth in log weight (log Wg-log Wj^) of a group of fish between 
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two dates on which measurements are taken. If the quantity 
(log Wg - log is greater than the quantity [b(log 
- log L^)] during the period, condition will increase with 
growth in log weight; if the quantities are equal, condition 
will not change as growth proceeds; and if (log Wg - log W^) is 
less than [b(log - log L^)], condition will decrease as the 
fish grow. Thus, the relationship which will exist between 
change in condition and growth during a period of time depends 
on growth in log weight of the fish relative to their growth 
in log length. This can perhaps be seen more readily if equa­
tion (4) is rewritten as 
AC = (1 - b/b') (log Wg - log W^) (5) 
log Wg - log W, 
where b' = •• nzzm and measures the growth in log 
log Lg - log 
weight of the fish relative to their growth in log length. In 
terms of growth in log length equation (5) becomes 
AC = (b' - b) (log Lg - log L^). (6) 
What was s^id above can be repeated using equations (5) and (6): 
if b' is greater than b during the period, condition increases 
with growth; if b' equals b, condition does not change as growth 
proceeds; and if b' is less than b, condition decreases with 
grôwth. 
The fact that a seasonal trend in condition exists, in 
which condition is usually lowest in winter or early spring, 
increases as the fish enter the growing season, and generally 
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levels off during the summer before declining again in fall 
or winter, indicates that the relationship between change in 
condition and growth varies with the time of year. Early in 
the growing season changes in condition appear to be posi­
tively related to growth. When condition reaches a high 
level it may show little change associated with growth. And, 
when condition declines, changes in condition may be nega­
tively related to growth. However, condition may also de­
cline during unfavorable periods when fish lose weight 
(Hansen, 1951; McPadden, 1961; Cooper, 1961). The rela-
tionsiup existing between change in condition and growth in 
data from any given sampling situation may well depend, 
therefore, on the time of year in which samples were collected. 
Relationship between growth and condition of bluegills 
in the laboratory To better understand the relationship 
between growth and change in condition, data collected from 
bluegills in the laboratory were analyzed. To compare con­
dition of fish from each tank during experiment 2, condition 
was calculated as 
log W - 3.33 (log L) + 3.0 
3 33 
which is equal to the average logarithm of 1000 W/L * . Com­
parison of condition between tanks of fish during experiment 2 
(Figure 4) is approximate because the slope differed signifi­
cantly between dates during some periods (Table 5). Because 
of differences in the average level of condition, and trends in 
condition between tanks (Figure 4), each tank has been con-
Figure 4. Comparison of average level and trends in condi­
tion of fish from each tank, experiment 2. Con­
dition is calculated for this figure as the 
average logarithm of 1000 W/l3«33, Fish fed on 
trout pellets from December 9 to January 12 
and on ground beef kidney and trout pellets from 
January 13 to February 15. Levels of feeding 
were about the same in each tank 
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sidered separately. For all further calculations condition of 
bluegills in each tank was calculated by adjusted means using 
the average value of b for that tank (Table 5), and adjusting 
the mean log weight to the overall mean log length of the fish 
in that tank during the experiment. Condition of fish used in 
experiment 1 was also calculated in the above manner, the aver­
age b value for this experiment being 3.10. All calculations 
are based only on fish surviving to the end of the experiments. 
Changes in condition of bluegills in the laboratory 
showed a positive correlation with growth in log weight (Figure 
5; Table 6). Changes in condition generally showed little 
association with growth in log length, however (Figure 6). 
The simple correlations of growth in log weight or log 
length with change in condition might not be expected to be 
close to 1.0 because change in condition depends on b* as 
well as growth (see equations (5) and (6)). If b' were con­
stant in equations (5) and (6), change in condition would be 
directly proportional to growth. By the use of partial corre­
lation a variable can be "held constant". If b* were measured 
for each period and held constant, the partial correlation be­
tween growth and change in condition might be expected to be 
higher than their simple correlation. In sampling situations, 
however, the same problem would be encountered in trying to 
estimate b' as in estimating short-term growth - estimates would 
be highly variable. A relationship was found to exist between 
Figure 5. The relationship between change in condition 
and growth in log weight for the fish from 
each tank during experiment 2, and for experi­
ment 1 
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growth in log length for the fish from each tank 
during experiment 2, and for experiment 1 
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the initial condition of the fish and b' during the following 
period (Figure 7). The matter is complicated, however, because 
b' may not have the same relationship with initial condition 
when growth is negative as when growth is positive. Moreover, 
when changes in length and weight are small during a period, 
measuring error is large in relation to the changes in length 
Table 6. Simple and partial correlations between growth in 
log weight, change in condition, and initial con­
dition. Correlations within a tank are not in­
dependent. Explanation of symbols given at bottom 
of table 
Correlations Experiment 2 
Tank 1 Tank 2 Tank 3 Exp. 1 
AC • Alog W .88 .78 .44 .92 
AC • Alog W/C^f .86 .90 .74 .79 
AC • Cj -.70 i u> 00
 
-.65 -.83 
AC • Cj/Alog W* - .64 -.75 -.82 -.47 
Alog W • Cj -.49 .11 .17 -.77 
Alog W • Cj/AC* .35 .71 .67 0 
Alog W = growth in log weight. 
AC = change in condition. 
Cj = initial condition. 
9e 
partial correlation. 
and weight, and b' is highly variable; this makes it difficult 
to see any relationship between b* and initial condition when 
data from all of the periods of experiment 2 are used. There­
fore, initial condition has been plotted against b' in Figure 7 
Figure 7. Relative growth, b', plotted against initial 
condition of the fish in each tank during ex­
periment 2. Data are taken only from periods 
when growth in length and weight was positive 
(see Table 7) 
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only for periods when growth in length and weight was positive. 
When growth was positive, bluegills grew relatively more in 
weight than in length at low values of initial condition. 
Although the observed relationship between b* and initial 
condition is complex, partly because growth was often slight 
or negative, partial correlations of growth in log weight and 
change in condition have been calculated with initial condition 
held constant (Table 6). Calculations were made using growth 
in log weight rather than growth in log length because it 
appears to be more closely related to change in condition 
(Figures 5 and 6). The partial correlations between growth 
in log weight and change in condition were higher than the 
simple correlations only for tanks 2 and 3, experiment 2 
(Table 6). In the case of experiment 1 and tank 1, experiment 
2, however, growth in log weight and change in condition both 
varied negatively with initial condition (Table 6)y holding 
initial condition constant removed that portion of the correla­
tion between growth and change in condition due to their joint 
association with initial condition, and the partial correlation 
of growth with change in condition was, therefore, lower than 
their simple correlation. Change in condition and initial con­
dition were negatively correlated in all cases, but the simple 
correlations of growth in log weight with initial condition 
were negative only during experiment 1 and tank 1, experiment 2 
(Table 6). The negative correlation between growth and initial 
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condition during experiment 1 was associated with the circum­
stances of the experiment. Bluegills were in highest condition 
at the beginning of the experiment (Table 7) when starving 
began, and were in lowest condition when abundant feeding began. 
The high negative partial correlation of change in condi­
tion with initial condition generally found is further evidence 
of the negative relationship of b' with initial condition. 
With constant growth in log weight changes in condition can 
only occur through changes in b'; since changes in condition 
are associated negatively with initial condition, b' must also 
be associated negatively with initial condition. The positive 
partial correlation of growth in log weight with initial con­
dition (change in condition constant), found in most cases, can 
also be related to the negative relationship between b' and 
initial condition. 
Correlations between change in condition and growth in 
log weight were positive and quite high in the laboratory. 
This is partly associated with the fact that bluegills were 
in relatively poor condition when they began feeding well; 
large increases in weight were not accompanied by propor­
tionate increases in length, thus condition also increased. 
At higher levels of condition weight and length increased more 
proportionately. If the experiment had continued a lower cor­
relation of growth and change in condition probably would have 
resulted. Also, bluegills lost weight during several periods 
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Table 7. Initial condition and changes in condition, log weight, 
log length, and b' for each period in the bluegill ex­
periments 
EXPERIMENT 2 
Period Initial Condition AC 
Alog 
Length 
Alog 
Weight b' 
Tank 
1 
1 
2 
3 
4 
5 
1.4330 
1.4187 
1.4232 
1.4093 
1.4171 
-.0143 
+.0045 
-.0139 
+.0078 
-.0065 
-.0020 
-.0012 
+.0008 
-.0015 
+.0013 
-.0207 
+.0006 
-.0113 
+.0029 
-.0023 
10.35 
-.50 
-14.12 
-1.93 
-1.77 
6 
7 
8 
9 
1.4106 
1.4329 
1.4306 
1.4278 
1.4332 
+.0223 
-.0023 
-.0028 
+.0054 
+.0063 
+.0057 
+.0026 
+.0041 
+.0427 
+.0162 
+.0057 
+.0186 
6.78 
2.84 
2.19 
4.54 
Tank 
2 
1 
2 
3 
4 
5 
1.5811 
1.5695 
1.5773 
1.5842 
1.5842 
-.0120 
+.0078 
+.0069 
0 
-.0100 
-.0015 
-.0016 
+.0008 
-.0015 
+.0023 
-.0165 
+.0026 
+.0095 
-.0048 
-.0026 
11.00 
-1.62 
11.88 
3.20 
-1.13 
6 
7 
8 
9 
1.5742 
1.5854 
1.5875 
1.5961 
1.5947 
+.0112 
+.0021 
+.0086 
-.0014 
+.0011 
+.0039 
+.0024 
+.0035 
+.0148 
+.0147 
+.0163 
+.0097 
13.45 
3.77 
6.79 
2.77 
Tank 
3 
1 
2 
3 
4 
5 
1.6933 
1.6992 
1.6984 
1.6946 
1.7002 
+.0059 
-.0008 
-.0038 
+.0056 
+.0012 
-.0015 
+.0013 
+.0025 
-.0030 
+.0044 
+.0007 
+.0038 
+.0051 
-.0048 
+.0165 
-.47 
2.92 
2.04 
1.60 
3.75 
6 
7 
8 
9 
1.7014 
1.6946 
1.7092 
1.7071 
1.7043 
-.0068 
+.0146 
-.0021 
-.0028 
-.0016 
+.0016 
+.0052 
+.0021 
-.0124 
+.0202 
+.0162 
+.0043 
7.75 
12.65 
3.12 
2.05 
EXPERIMENT 1 
Period Initial Condition AC 
Alog 
Length 
Alog 
Weight b' 
1 
2 
3 
4 
1.4114 
1.3823 
1.3716 
1.3835 
1.3961 
-.0291 
-.0107 
+.0119 
+.0126 
-.0076 
-.0049 
+.0158 
+.0017 
-.0526 
-.0259 
+.0609 
+.0178 
6.92 
5.29 
3.85 
10.47 
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in the laboratory. When this occurred condition generally also 
decreased because length is not lost as easily as weight. 
Weight losses, therefore, being accompanied by losses in con­
dition, contributed to a positive relationship between change 
in condition and growth. 
Brown (1946a) carried out an extensive experiment on the 
growth and condition of brown trout in the laboratory. She 
measured the fish bi-weekly for a period of about 15 months. 
Water temperature, water supply, illumination, quality and 
quantity of food, and living space were carefully controlled 
in her experiment. The trout used were hatchery bred and of 
the same age and size at the start of the experiment. Brown 
found a positive linear relationship between initial condi­
tion of the fish and instantaneous rate of growth in length 
during the following two week period. The data from the 
present study (experiment 2) were analyzed to look for such a 
relationship. The growth of bluegills during much of ex­
periment 2, however, was slow or negative because the fish 
did not feed well on trout pellets. Under these circumstances 
growth rate would not be expected to show a close relationship 
to the initial condition of the fish, since it was obviously 
affected greatly by the rate of feeding of the fish. Using only 
the data from the last five periods of experiment 2, when fish 
were generally feeding well, there is indication (tanks 2 and 3) 
that instantaneous rate of growth of bluegills was related to 
their initial condition (Figure 8). 
Figure 8. Instantaneous rate of growth in length of blue-
gills during experiment 2 plotted against their 
initial condition. Data taken only from the 
last five periods of experiment 2 
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Brown (1946a) also stated that growth in length of brown 
trout during a two week period was correlated with their 
growth in weight during the previous two weeks. There is 
evidence that growth in length of bluegills lagged somewhat 
behind growth in weight (Table 7). For example, when fish in 
each tank began to feed well during experiment 2 (Table 7: 
period 6 for tanks 1 and 2; period 7 for tank 3), weight in­
creased much more than length (note high values of b' for these 
periods). But during the following period growth in length 
appeared to "catch up" with growth in weight and b' was much 
lower. In experiment 1, however, a high value of b' is not 
found during the period when fish began to feed (period 3 of 
experiment 1, Table 7). But this period was about a month long 
compared to periods of a week during experiment 2. The high 
value of b' during period 4, experiment 1 is probably associated 
with the irregular feeding of the fish during this period. 
Bluegills may have only been maintaining their size during most 
of this period, but may have eaten quite well in the week be­
fore measurements were taken. 
The lag in growth in length of bluegills behind growth in 
weight does not appear to be as much as two weeks as Brown re­
ported (1946a) for brown trout (Table 7). Growth in length 
lagging behind growth in weight can help explain the higher 
values of b' associated with low initial condition. 
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Unequal changes in condition of longer and shorter fish 
Change in condition from one date to the next is a func­
tion of the relative growth of the fish, and the growth of the 
fish in log length or log weight during the period (see equa­
tions (5) and (6), page 38). If the change in condition of 
longer and shorter fish is not the same, the value of b will 
change from one date to the next. Inspection of equations (5) 
and (6) shows that the change in condition could differ between 
larger and smaller fish for two reasons: the average relative 
growth (b*) could differ between larger and smaller fish for 
the period; or, even if the average b' is the same for larger 
and smaller fish, they may show differential amounts of growth. 
In the latter case, however, the average b' must be unequal to 
b or condition will not change. 
The variations in b can be regarded as an interaction 
between condition and size of the fish. For example, a low , 
value of b on one date followed by a higher b value on the 
next date can be attributed to a greater increase in condition 
by the longer fish or a greater decrease in condition of the 
shorter fish. As an illustration of how serious such an inter­
action might be in the present study, the data from tank 1, 
experiment 2 were analyzed in the following manner. The aver­
age condition of the three largest fish, the three smallest 
fish, and all fish combined are plotted for each measurement 
date in Figure 9. Condition was calculated in all cases by ad­
justing the means for that group of fish. Tank 1 was chosen 
Figure 9. Comparison of the trend in condition of the 
three largest fish in tank 1 during experiment 
2 with the trend for the three smallest fish 
and the trend for all fish combined. Condi­
tion calculated by adjusting the means for 
each group of fish 
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because b for that tank showed the greatest variation between 
measurement days (Tables 2 and 3). The differences in the 
value of b between dates should be reflected in different 
trends in condition for larger and smaller fish. The trend in 
condition for the larger fish differs in some respects from 
the trend for the smaller fish, and for accurate analysis of 
condition they should be considered separately. 
Thus if covariance is used to calculate condition, and 
the means are adjusted for the entire sample of fish each 
time, error is introduced if b values vary between dates. 
By adjusting means for the whole population when the slope 
varies, different trends in condition of longer and shorter 
fish are disregarded. 
Discussion 
The relationship between change in condition and growth 
has been studied as a method of evaluating the usefulness of 
changes in condition as a measure of well-being of fish dur­
ing a period of time. Change in condition, however, also 
depends on relative growth (b'). For this reason, the use 
of change in condition to measure well-being might best be 
made by also considering the initial condition of the fish 
which was found to be related to b'. When the initial con­
dition of the fish is low, condition increases rapidly as 
the fish grow; when condition reaches a high level, however, 
it may remain constant or even decrease as the fish continue 
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to grow. If this relationship is understood, changes in 
condition can be used to measure the well-being of the fish; 
they will be least useful when the condition of the fish is 
already at a high level. 
Well-being has already been defined as depending on both 
genetic and environmental factors. The study of seasonal 
changes in condition of river carpsuckers, however, is in­
tended to evaluate only the effects of external environ­
mental factors (e.g. water levels and water temperature) on 
the well-being of the fish. If the same population of fish 
is sampled throughout the season, the genetic effects on 
changes in condition should be constant except for sampling 
variations. Environment has been used broadly in this dis­
cussion to refer to non-genetic factors; as such it includes 
physiological factors as well as the external environment. The 
failure of changes in condition to be a satisfactory measure 
of growth, or the favorability of the external environment at 
all times, appears to be caused by a marked influence of physio­
logical factors. The increased ability of changes in condition 
to measure growth when initial condition is also considered may 
be caused by a correlation between initial condition and the 
physiological factors affecting change in condition. 
It was noted that change in condition was more closely 
related to growth in weight than to growth in length. Con­
siderations of relative growth showed that growth in length and 
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weight occur disproportionately. The question arises, there­
fore, whether growth in weight or growth in length is a better 
measure of the favorability of the environment during short 
periods of time. McFadden (1961) found that growth in weight 
of brook trout occurred early in the season, weeks previous to 
any noticeable growth in length. It would seem that measurement 
of growth in length at this time would have failed to measure 
the fact that the environment was conducive to some growth of 
the fish. This might indicate that growth in weight would be 
a better measure of the external environment for short periods 
of time. Measurement of growth in weight, however, has the 
disadvantages of being subject to variabilities such as changes 
in gonad weight and stomach fullness. Growth in weight, growth 
in length, and changes in condition may all be unsatisfactory 
measures of the external environment for short periods if they 
are greatly influenced by physiological factors as appeared to 
be the case in experiments by Brown (1946a) with brown trout. 
An explanation of the disproportionate growth in weight 
and length of fish during the growing season may be theorized 
on the basis of seasonal differences in the amount of growth 
hormone present in the fish. Growth hormone causes an in­
crease in protein synthesis, while at the same time it in­
creases the use of fats by the body for energy (Guyton, 1961). 
Wide seasonal differences in the production and secretion of 
growth hormone were found in the European perch, Perca 
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fluviatilis, by Smith and Piekford (1965). If the amount of 
growth hormone was low in a fish at the beginning of the grow­
ing season, fats would be stored and more proteins would be 
used for energy than if the amount of circulating growth hor­
mone was high. This would tend to increase the weight of the 
fish without a promotion of growth by protein synthesis. If, 
after the fat stores had reached a fairly high level, a greater 
secretion of growth hormone would commence, protein synthesis 
would increase and mobilization of fats for energy would occur. 
It would seem that at this time less growth in weight would occur 
in relation to growth in length, since fat stores would be 
drawn upon for energy, tending to decrease the fish's weight, 
while proteins were being used efficiently for growth. 
Variations in the secretion of growth hormone appear to be 
associated with temperature changes or photoperiod (Swift and 
Piekford, 1965). "Seasonal" variations in the secretion of growth 
hormone of the bluegills in the laboratory might not be ex­
pected, therefore. If the fat content of the bluegills varied 
with their rate of feeding as found by Gerking (1955), a partial 
explanation of the variations in condition might be theorized, 
if the fish had a relatively low fat content at the start of 
the experiment (they were brought into the laboratory about a 
month before the start of the experiment and did not feed well 
for several weeks), their fat content would be expected to in­
crease with an increased rate of feeding. The rate of feeding 
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of the bluegills increased greatly after beef kidney was in­
cluded in their diet. Weight might then be expected to in­
crease due to protein synthesis and fat deposition, while 
length would increase only through protein synthesis. Weight 
would thus increase relatively faster than length until the fat 
content of the fish stabilized for their given rate of feeding. 
The relative growth of the fish might then stabilize as long 
as their level of feeding remained constant. Fat content how­
ever, as discussed earlier, may only partially account for 
changes in condition or relative growth. Much of the unequal 
growth in length and weight may simply be related to the time 
needed for protein synthesis and differentiation into tissues 
to occur; weight increases immediately when food is ingested, 
but time is required for growth in length to occur. 
In using condition as a measure of environmental factors 
in natural populations it is usually impossible to separate 
genetic from environmental effects. Clugston (1964) found that 
largemouth bass, Micropterus salmoides, from Iowa reached 
higher levels of condition in Florida than largemouth bass 
ordinarily do in northern states. Favorable water temperatures 
in Florida may have been responsible (Clugston 1964). Starrett 
and Fritz (1965) believed that annual differences in average 
fall condition of bluegills and crappies, Pomoxis spp., were 
associated with yearly differences in water levels and turbidity. 
Wirth (1958) reported that freshwater drum, Aplodinotus 
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grunniens, were much heavier for their length several years 
after an effort had begun to reduce their population size by 
commercial fishing. Thus the average condition of a popula­
tion of fish when measured for more than one growing season 
may reflect annual differences in the favorability of the 
environment. When annual differences are considered, how­
ever, a possibility always exists that differences are 
partly due to genetic factors. 
Different populations, from different environments, 
have also been compared with regard to condition. Many 
problems are encountered when this is done. Because of 
seasonal differences in condition, many samples from each 
population taken throughout the season should be combined to 
calculate condition. It is also important to calculate con­
dition for each population by the same method. Therefore K 
should be used rather than Kn for each population, or Kn 
could be used if the same values of a and b are used in the 
formula for Kn for both populations. The value of b could 
be taken as the average b of the two populations as suggested 
by Morrow (1951). If the slope differs between the popula­
tions (based on representative samples from each population), 
condition between the populations should be compared within 
small size groups of fish. Finally, if the reason for cal­
culating condition of the two populations is to compare the 
different environments in which the populations live, it 
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must be assumed that genetic differences and interactions 
between the environment and the genotypes of the fish do not 
exist. This assumption can seldom be supported or disproved 
under ordinary circumstances. 
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LENGTH-WEIGHT RELATIONSHIPS OF RIVER CARPSUCKERS 
Methods 
Lengths and weights of river carpsuckers used in length-
weight analysis were recorded by members of the Iowa Coopera­
tive Fisheries Research Unit during 1960, 1961, 1963, 1964, and 
1965. All lengths and weights used from 1964 and 1965 were 
measured by the author. Fish were collected by electric 
shocking from several segments of the Des Moines River (Table 
8). The total length (from the tip of the snout to the end of 
the tail with the caudal lobes compressed) of each fish was 
measured to the nearest 0.1 inch. The weights of all fish 
under 500 grams were measured to the nearest gram; fish 
heavier than 500 grams were weighed to the nearest ounce, 
except in 1965 when all fish were weighed to the nearest gram. 
When weights were recorded in ounces, they were later con­
verted into grams. Lengths and weights were transformed into 
common logarithms for calculation of length-weight regressions. 
Original data from most years were subsampled to obtain esti­
mates of condition at approximately weekly intervals. How­
ever, all data from 1964 were used. Subsamples from 1965 data 
were separated by shorter time intervals to obtain a better 
indication of sampling variance. Lengths and weights for each 
sample were divided into three categories according to size of 
fish; fish 5.0 to 9.0 inches; fish between 9.0 and 11.0 
inches; and fish longer than 11.0 inches. Fish shorter than 
Table 8. Dates of collection, numbers of fish, and areas of collection and for each 
year. Refer to end of table for description of areas (also see Figure 10) 
1960 1961 1963 1964 1965 
6/6: 84 A 4/12: 10 A 5/31: 48 A 6/1 - 3: 101*B 5/6: 46 C 
6/11: 61 A 4/22: 63 A 6/3: 31 A 6/9 - 10: 115 A 5/13t 64 C 
6/18: 76 A 6/8: 78 A 6/20: 17 A 6/16 - 18: 101 C 5/28: 31 C 
6/24: 85 A 6/14: 73 A 6/25: 61 A 6/23 - 24: 109 A,D 6/2: 33 A 
6/29: 86 A 6/22: 82 A 7/2: 21 A 6/30 -7/1: 96 C 6/4: 41 C 
7/6: 60 A 7/3: 58 A 7/23: 52 A 7/7 - 8: 107 A 6/8: 35 A 
7/13: 60 A 7/7: 54 A 8/1: 72 A 7/14 - 18: 91 C 6/10: 35 C 
7/19: 80 A 7/14: 50 A 8/6: 75 B 7/22 - 24: 90 A,D 6/22: 49 C 
7/26: 68 A 7/20: 64 A 8/15: 56 A 7/28 - 31: 102 C 6/24: 34 A 
7/30: 62 A 8/5: 37 D 6/28: 32 A 
8/10: 55 A 7/25: 59 A 8/22: 58 B 8/7 - 19 : 108 A,C 6/30: 23 B 
8/19 8/2: 68 A 8/27: 36 A 8/18 : 42 C 7/7: 35 B 
8/20: 60 A 8/7: 75 A 9/5: 32 A 9/9 - 12: 97 C 7/8: 35 A 
8/24: 38 A 8/14: 30 A 9/17 : 61 D 7/16 : 62 A 
10/4: 63 A 8/18: 77 A 10/8 : 44 A 7/17: 40 A 
10/18 : 16 A 8/22: 78 A 7/22: 37 C 
10/25 : 23 A 8/30: 33 A 7/23: 62 A 
7/30: 93 A 
8/4: 73 A 
8/11: 88 A 
ie 
Not included in the pooled estimates of the slope for each size group 
of fish or each year (Tables 9 and 10). 
Table 8 (Continued) 
1960 1961 1963 1964 1965 
8/18: 67 A 
8/25: 55 A 
8/31: 70 A 
9/3: 53 C 
10/2 - 27: 38*A 
A - Bounded by Fraser and Boone lowhead dams. In 1964 and 1965 only from the 
Boone lowhead dam to the M.M.C.A. camp (see Figure 9) 
B - Vicinity of High Bridge 
C - Vicinity downstream from Luther Bridge 
D - Vicinity of Pilot Mound Road Bridge 
Figure 10. The Des Moines River and its tributaries. 
Landmarks used to describe sampling areas 
are shown 
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5.0 inches were not included in the calculations because of dif­
ficulties in separating river carpsuckers from other Carpiodes 
species. Few river carpsuckers longer than 15.0 inches were 
present in the samples. Basic calculations were done using the 
7074 IBM Computer at the Statistical Laboratory of Iowa State 
University. 
Records of daily water levels were obtained from the Boone 
Waterworks Dam. Records of daily water temperatures were 
received from the U.S. Geological Survey. Temperatures were 
recorded by the Survey at Euclid Avenue Bridge, Des Moines, 
Iowa in 1960 and 1961, and at Saylorville, Iowa in the years 
1963 to 1965. Water temperatures were, therefore, recorded 
some distance downstream from the areas of fish collection, 
but downstream water temperatures are believed to be a suf­
ficiently accurate measure of temperatures in the collection 
areas. 
Variations in Slope 
Seasonal variations 
Seasonal variations in the slope during each collection 
year are illustrated in Figure 11. The statistical significance 
of seasonal differences in the., slope during 1964 was demonstrated 
by Behmer (1965). Tests of seasonal differences in the slope 
during 1960 and 1963 showed that differences in slope during 
these years were also highly significant (F values exceeded the 
99 per cent tabular value of F). Significant differences in 
Figure 11. Seasonal variations in the length-weight slope for 
each collection year. Confidence intervals (95 per 
cent) appear with estimates of the slope for 1960. 
Confidence intervals were calculated using the with­
in mean square (see Snedecor, 1956, p. 395) for 1960 
(as given in Table 11 which is referred to later) 
and a t value of 2.0. Differences in size of con­
fidence intervals are associated with different 
sample sizes (see Table 8). Additional estimates 
of the slope for 1961, not appearing in the Figure 
are; 2.97 for April 12, and 2.93 for April 22 
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the slope during 1961 and 1965 undoubtedly also occur. These 
differences have already been discussed as representing un­
equal changes in condition of longer and shorter fish. 
Some of the seasonal variations in the slope may be 
associated with spawning. Ripe fish could cause the slope 
to be high early in the year (since only larger fish are 
mature and would have the added weight of ripe gonads), and 
the subsequent decrease in the slope found in most cases 
might be associated with spawning, causing the average con­
dition of large fish to decrease, or to increase less than 
immature fish. For example, the increasing slope in early 1965 
might be associated with the ripening of mature fish, and the 
general decrease in the slope from early June to early August 
could be caused by spawning. This type of trend in the slope 
is not apparent for 1961, but most fish in the samples taken 
in that year (and 1960) were immature. Moreover, low water 
levels could have favored an earlier spawning in that year. 
Statistically significant differences in the slope be­
tween dates indicate that samples are drawn from different 
populations with respect to b. Any combination of data from 
different dates to estimate an overall value of b for a 
given year implies that an average value of b for that year 
exists. The population to which this average value of b 
applies should be defined. We might assume that a value of b 
is associated with each date for a period from May 1 to October 
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31. We would then have a population of b values, a b value 
corresponding to each day for the defined period. The distri­
bution of population values would have as a parameter the popu 
lation average of b, the average of all possible b values 
during the period. An estimate of the average b of this popu­
lation might be made by taking a suitable sample of days 
(thus, b values) and calculating the average b of the sample. 
It seems useful to calculate an average value of b for 
each size group of fish for each year. Samples were not 
chosen randomly in regard to date, but they were chosen some­
what systematically, and it is assumed that the average b 
values which are computed are representative of the size group 
of fish or year to which they correspond. 
Variations between different size groups of fish 
Pooled estimates have been used for the average slope 
of different size groups of fish in any year (see "common" 
line of analysis of covariance on page 395 of Snedecor, 
1956). Pooled estimates provide a weighted average of b. 
It has seemed desirable to use pooled estimates of b rather 
than a simple average of b values because values of b for 
each date are not estimated with equal accuracy. By using 
pooled estimates, estimates of b which are erratic because 
they are based on few fish are given less weight than 
estimates of b which are subject to smaller variability. 
Since calculations for 1964 were not carried out in a manner 
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possible to obtain pooled estimates, estimates of the average 
b for each size group of fish during 1964 are based on totals. 
Experience with the present data has shown that pooled esti­
mates do not differ greatly from estimates of the slope based 
on totals (Table 9). The size groups show different slopes, 
and the slopes differ from year to year (Table 9). The ex­
planation of these differences is unknown, but a possible 
explanation is that they are associated with a difference be­
tween age classes in regard to slope. The slopes of the larg­
est size group of fish show the greatest year to year varia­
tion (Table 9). The higher slopes of large fish in 1961 and 
1963 do not appear to be explainable on the basis of known 
environmental conditions during those years. 
The low slope for the largest size group of fish found 
in some years might suggest that the data are actually curvi­
linear rather than linear (e.g. Table 9, 1960). However, 
the coefficient of determination (see Steel and Torrie, 1960, 
p. 179) for the regression for each year (based on totals) 
ranged from .967 to .989. A curve, therefore, would not fit 
the data for any year much closer than a straight line. 
Because of differences in slope between size groups of 
fish, differences in slope (for the entire size range of fish) 
between dates could be partially caused by failure of each 
size group of fish to be represented equally in each sample. 
Usually, however, the proportion of fish in each size group 
Table 9. Estimates of the slope and intercept for all fish each year, and 
pooled estimates of the slope for each size group of fish (except 
for 1964 when estimates of the slope are based on totals). Numbers 
of fish in parentheses. Confidence intervals (95 per cent) are 
given for slopes based on fish greater than 11.0 inches 
All fish All fish Fish Fish Fish 95 per cent 
Year (pooled estimate (slope based <9.0" 9.0"- >11.0" confidence 
of the slope) on totals) 11.0" interval 
1960 
1961 
1963 
1964 
1965 
2.9307 2.9535 2.990 2.905 2.636 2.301 to 
-.6362 -.6568 (778) (139) (60) 2.971 
2.8981 2.8820 2.877 2.763 3.138 2.762 to 
-.6092 -.5955 (755) (145) (52) 3.514 
2.8202 2.8002 2.808 2.849 2.898 2.526 to 
-.5370 -.5189 (381) (135) (43) 3.270 
2.8107 2.8316 2.903 2.917 2.583 2.505 to 
-.4972 -.5181 (263) (617) (317) 2.661 
2.7809 2.8515 2.852 2.953 2.591 2.480 to 
-.4564 -.5286 (121) (632) (452) 2.702 
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did not differ greatly from sample to sample. 
Annual variations 
Slopes over the entire size range (based on totals) differ 
significantly between years (Table 10). The test is approxi­
mate because of heterogeneity of variance. The mean square 
for 1960 is substantially higher than for other years. This 
may be mostly due to the great range in condition of fish 
between dates during 1960, especially caused by the low value 
of condition for June 6, 1960 (see Figure 13 referred to later). 
Pooled estimates are a measure of the average slope (and 
corresponding elevation) occurring on any date during that 
year (Table 9). The best equation for predicting weight from 
length if all fish for that year are considered regardless of 
date would be the equation based on totals. The variance 
2 
about the regression line (s^'x) is greater for an entire 
year's data than for data collected on a single date (Table 
11). The greater variation around the regression line based 
on totals for a year is associated with seasonal variations 
in slope and elevation (i.e. seasonal variations in condition). 
Table 10. Test of significance of differences in slope (based on totals) between 
years 
df Sxy Sy df SSq MS 
1960 976 8 .048526 23 .771235 72 .131884 975 1 .923797 .001973 
1961 951 13 .384900 38 .574800 112 .375100 950 1 .203915 .001267 
1963 558 5 .142822 14 .400879 41 .102051 557 .776861 .001395 
1964 1199 6 .065717 17 .175957 49 .720258 1198 1 .084048 .000905 
1965 1204 4 .952700 14 .122800 41 .643300 1203 1 .371640 .001140 
Within 4883 6 .360261 .001302 
Reg. Coef 4 .093087 .023271 
Common 4888 37 .594665 108 .045671 316 .972593 4887 6 .453348 
= .023271 ^  Q** 
.001302 
••Significance at the 99 per cent level. 
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Table 11. Comparison of variance around the regression line 
based on totals for a year with the pooled esti­
mate of variance for any date during that year 
(within mean square) 
Year 
Within mean 
square 
Variance around 
regression line based 
on totals for a year 
1960 
1963 
1964 
.001233 
.001033 
.000773 
.001973 
.001395 
.000905 
Condition of River Carpsuckers 
Calculation of condition 
To calculate average condition for each sample by the 
same method regardless of year an average value of b was 
used. This value was taken as 2.866 which is the overall 
pooled estimate of b from the five years' data. Condition 
for each sample was then calculated as 
log W - 2.866 (log L - .9447) - 2.1436 
where .9447 and 2.1436 are the mean log length and log 
weight respectively for the five years' data. Thus, condi­
tion is calculated as the average logarithm of Kn where 
Kn = W/(.2729) 
All estimates of condition are not subject to the same 
variability because of differences in sample sizes (Table 
8). In the calculation of average condition of the popula­
tion for each date unequal trends in condition of larger and 
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smaller fish have been disregarded (differences in slope have 
been disregarded). 
Changes in condition 
Effects of spawning The effects of spawning on changes 
in condition of river carpsuckers cannot be differentiated in 
these studies from changes in condition due to other causes. 
If spawning has a great effect on changes in condition, however, 
immature fish might be expected to show a different trend in 
condition from the entire population. Very few fish less than 
9.0 inches were found to be mature during 1964 and 1965. 
Therefore, condition of fish less than 9.0 inches has been 
plotted as a measure of condition of immature fish and compared 
with condition of the entire population for 1963 and 1965 
(Figure 12). 
Changes in condition of small fish during 1963 generally 
compare closely with changes in condition of the entire popula­
tion except for the period between late June and early July 
when the small fish showed a much greater increase in condition; 
this is associated with a marked change in the slope (Figure 
11). The small increase in condition of the entire population 
during this period indicates that larger fish increased only 
slightly, or may have decreased, in condition. Spawning could 
have caused this while immature fish increased greatly in 
condition. 
Data from small fish for 1965 are meager, but changes in 
Figure 12. Condition of the entire population and condition of 
fish less than 9.0 inches for years 1963 and 1965. 
Dotted lines represent periods when condition of 
fish less than 9.0 inches was not calculated be­
cause fewer than five fish of this size were 
collected 
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condition of small fish were similar to those of the entire 
population. Since samples from 1960 and 1961 contained high 
proportions of fish less than 9.0 inches (Table 9), condition 
of these fish corresponded closely to condition of the entire 
population in those years. It is possible that fish matured 
at a smaller size in those years; trends in condition of fish 
less than 9.0 inches would not be entirely free from the 
effects of spawning in that event. Because of the manner in 
which calculations were carried out for 1964, condition for 
small fish could not be computed. Spawning is not believed to 
be a major source of changes in condition of the entire popu­
lation as estimated by the present data. A large percentage of 
the fish in some years were immature, and only a small per­
centage of carpsuckers may be ripe or recently spent on any 
collection date because of the asynchronous nature of carp-
sucker spawning (Behmer, 1965). 
Possible differences between sampling areas Since all 
samples of river carpsuckers were not taken from the same area 
of the Des Moines River during 1963 to 1965 (Table 8), possible 
differences in condition between fish from different areas 
should be investigated. Adjusted means of carpsuckers from 
areas A, C, and D during 1964 did not differ significantly 
(Behmer, 1965) , although evidence will be presented later that 
fish differed in size between these areas. In Figure 12 the 
area from which each 1965 sample was collected is indicated 
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(refer to Table 8). There is little evidence to indicate sub­
stantial differences in condition between areas. Since collec­
tions during 1960 and 1961 were all taken from area A (Table 
8), collection area should not be a source of variability in 
these years. 
Effect of water levels and water temperature on changes 
in condition There is little evidence of any correlation 
between average water level or average water temperature and 
change in condition of river carpsuckers (Figure 13). De­
creasing condition is sometimes apparent immediately after 
sudden rises in water levels (e.g. July, 1963; early August, 
1964). However, even this observation is not always true 
(e.g. late September, 1964; late May, 1965). 
Keeton (1963) found no relationship between seasonal 
growth of six species of fish (including river carpsuckers) 
and corresponding water levels, water level changes,.or tem­
peratures. An exception was seasonal growth of age I river 
carpsuckers which showed a significant negative correlation 
with water temperature. 
Few similarities exist in seasonal trends in condition 
from year to year except for a general increase in condition 
in spring. This increase is not apparent in June of 1961; 
however, estimates of condition for April of 1961 (see des­
cription of Figure 13) indicate increasing condition in that 
month. Condition remained at a fairly high level into October 
Figure 13, Water levels, condition, and mean water temperature 
for each collection year. Points representing water 
temperature give the average water temperature for 
the period between two consecutive samples, or for 
six-day intervals if samples were not collected 
that early in the year. Confidence intervals (95 
per cent) appear with estimates of condition for 
1960. Additional estimates of condition for 1961, 
not appearing in the figure are -.030 for April 
12 and -.017 for April 22 
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in years when estimates were available for that month (1960, 
1964, and 1965). 
Annual differences in condition 
Differences in condition of carpsuckers between years are 
quite pronounced (Figure 14). Estimates of the slope differ 
between years, however, (Table 10) and condition should be 
compared within small size groups of fish. An even simpler 
method would be a direct comparison of the log length-log 
weight regression lines. Differences in elevation of the lines 
at any value of log length are a measure of differences in 
condition of fish of that length (condition factors, K, would 
be determined by dividing each weight by the cube of the same 
length). 
To compare condition between years, the regressions for 
each year, based on the pooled estimates of the slope (Table 
9) are plotted in Figure 15 in such a manner that differences 
in slope and elevation of the lines are magnified. Since 
samples were collected throughout the season each year, the 
elevations of these regression lines should be an average 
measure of condition of carpsuckers during that year. 
The equations of the regression lines illustrated in 
Figure 15 have been used as a basis for calculating condition 
factors (R = lOOW/L^, where weight is in grams and total length 
in inches) for fish of various lengths for each year (Figure 
16). Condition factors decrease as length increases (Figure 16) 
Figure 14. A comparison of seasonal trends in condition between years 
of collection 
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tion of the condition factors 
Figure 17. Condition.factors (R) for fish of various lengths 
calculated using the regression equations for 
each size group of fish each year. Condition 
factors based on regressions for fish less than 
9.0 inches each year (A). Condition factors 
based on regressions for fish 9.0 to 11.0 inches 
each year (B). Condition factors based on re­
gressions of fish greater than 11.0 inches each 
year (C) 
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because the estimate of b (the exponent of L) is less than 3.0 
for every year (Table 9). Because regressions for all fish 
collected during a year are weighted according to the most 
abundant size group of fish during that year, condition factors 
based on the regression equation describing only a particular 
size group of fish might be a more accurate measure of condi­
tion of fish of that size. Condition factors in Figure 17 are 
based on the equations for each size group of fish for each 
year (slopes of these equations are given in Table 9). Condi­
tion factors, R, thus calculated, differ as much as .15 from 
condition factors based on the length-weight equation for 
the entire size range of fish in that year (e.g. fish of 5.0 
inches, 1965). Condition of fish of 11.0 inches is greater in 
all cases when based on the regression equation of fish longer 
than 11.0 inches, than when based on the regression equation 
of fish 9.0 to 11.0 inches (Figure 17). No explanation for 
this has been found. 
Condition of river carpsuckers in 1964 and 1965 appears 
to be substantially higher than during the other three years 
for which data are available. This difference in condition is 
less marked for the largest size group of fish (Figure 16). 
Condition of the very largest fish appears to have been best 
in 1961 using the regressions based upon fish over 11.0 inches. 
However, regressions and condition factors are extended some­
what beyond the data for 1961 and 1963 since fish greater than 
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15.0 inches were not present in the samples from these years 
(some fish longer than 14.0 inches were present for each year). 
Estimates of the regression lines within size groups are based 
on considerably fewer fish in some years than others (see 
Table 9). 
Effect of spring 'water "levels and water temperatures on average 
June condition of river carpsuckers 
Comparison of seasonal condition between years (Figure 14) 
shows that condition differed greatly between years in the 
month of June. If condition is affected greatly by water 
levels or temperatures, differences in the level of condition 
during June between years should be related to earlier water 
levels or temperatures. An attempt was made, therefore, to 
find a relationship between April-May water levels and tempera­
tures and average June condition of river carpsuckers, but none 
was found (Figure 18). 
Differences in condition between years were also quite 
great for the month of August (Figure 14). Average August 
condition was compared with July water levels and temperatures, 
and with July 15-August 15 water levels and temperatures. No 
correlations were apparent. Other factors, which have not been 
measured, apparently have a greater influence on condition of 
river carpsuckers. Keeton (1963) found no relationship between 
year to year growth of five species of fish from the Des Moines 
River (including river carpsuckers) and corresponding average 
Figure 18. Average June condition of river carpsuckers 
plotted against average April-May water levels 
and water temperatures. June condition of river 
carpsuckers was calculated as the simple average 
of the estimates of condition for each collection 
date during June of each year (Figure 13). More 
estimates of condition were available for some 
years than others (Table 8) 
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June-August water levels and air temperatures. 
A rather marked positive relationship exists between condi­
tion and average size of river carpsuckers (Figure 15) from year 
to year. The proportion of river carpsuckers within each size 
group varies greatly from year to year (Table 12). Although the 
proportions of fish in each size group are almost identical for 
the years 1960 and 1961, the average length of collected fish 
differs by almost an inch between these years (Table 12). Since 
collections were not made by the same investigators each year, 
differences in sampling methods are a possible source of dif­
ferences in size distribution and mean length of fish between 
years. The author was present when all samples of 1964 and 
1965 were collected, and these years should be comparable. 
Collecting in 1963 was done in the same manner (Gene Huntsman, 
I.S.U., Ames, Iowa, personal communication, 1965) and this 
year should be comparable to 1964 and 1965. During 1961 the 
Table 12. The percentage of fish within each size group each 
year, and the mean length of all fish collected 
each year 
Year Fish 
>9.0" 
Fish 9.0" 
to 11.0" 
Fish 
<11.0" 
Mean 
length 
1960 79.6 14.2 6.1 8.20 
1961 79.3 15.2 5.5 7.30 
1963 68.2 24.2 7.7 8.22 
1964 21.9 51.4 26.4 10.07 
1965 10.0 52.4 37.5 10.63 
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shocker was sometimes pushed in shallow water, which could ac­
count for a greater number of small carpsuckers collected in 
those years. However, many small carpsuckers were shocked in 
1961 even when the boat was not pushed, and special effort was 
made to capture large carpsuckers because they were so infre­
quent (James Reynolds, I.S.U., Ames, Iowa; personal communica­
tion, 1965). Methods in 1960 and 1961 should be about the same 
since Dee Keeton collected river carpsuckers in both of those 
years. 
The increase in mean length of carpsuckers from 1964 to 
1965 was not associated with sampling of different areas 
because the mean length of fish increased in area C (9.79 to 
9.85 inches) and in area A (10.25 to 11.00 inches). The in­
crease in mean length of fish in area C may be small because 
most samples from this area were taken earlier in 1965 than 
1964, whereas the greater increase in mean length of fish in 
area A may be associated with more samples being taken in 
August from this area in 1965 than in 1964 (see Table 8). 
Most of the differences in size distribution and average 
length of river carpsuckers from year to year are probably 
not associated with differences in sampling methods. Dif­
ferences in average size of carpsuckers between years could be 
related to differences in age composition, differences in rate 
of growth, or both of these factors combined. Differences in 
year class abundance may result from years of unsuccessful 
spawning. Starrett (1948) noted poor reproduction of river 
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carpsuckers in 1947 and believed that high spring water levels 
were the cause. Extremely few age II fish were found in 
samples collected in 1964, although this age class was well 
represented in 1960, 1961 and 1963 (Keeton, 1963; A1 Rawi, 
1964). Fish collected in 1965 were not aged. This might indi­
cate a spawning failure in 1962. The larger average size of 
carpsuckers in 1964 and 1965 might be partially associated 
with this situation (during 1963 these fish would have been 
less than 5.0 inches and not included in calculations). If 
this is true, however, as years pass the missing age class will 
correspond to older (thus larger) fish and its effect will be 
to lower the average size of the population.. 
Population density may influence the condition factor. 
Hoar (1939) attributed lower condition of Atlantic salmon, 
Salmo salar, parr to control of predatory birds which re­
sulted in an increase in population density, Beckman (1943) 
found rock bass, Ambloplites rupestris, to be in higher con­
dition after a reduction in the population density. Wirth 
(1958) attributed better condition of freshwater drum to 
population thinning by commercial fishing. MacGregor (1959) 
found a high negative correlation between condition and 
population size of the sardine. Absence of an age class of 
carpsuckers could reduce the population density. This could 
also result in an increased growth rate, and thus influence 
the average size of the fish. It seems possible that yearly 
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differences in condition could be at least partially related 
to differences in population density. However, differences 
in average size of age IV and age V river carpsuckers from 
areas A, C, and D (Table 13) during 1964, were apparently 
not associated with differences in condition between these 
areas since adjusted means between these areas did not differ 
significantly (Behmer, 1965). Adjusted means should have 
been largely a measure of condition of age IV and age V fish 
since these ages were most abundant in the samples of 1964. 
Many more large carpsuckers were collected in 1964 and 
1965. Assuming similar sampling effort between years, this 
greater catch indicates a greater population density of large 
fish in 1964 and 1965. Yet large carpsuckers were in some­
what better condition in these years (at least fish up to 
about 13.0 inches - Figures 16 and 17). 
However, the density of the entire population could, have 
a greater effect on condition of large fish than simply the 
density of large fish. This would probably be true if food 
habits of all sizes of fish (greater than 5.0 inches in the 
present study) were the same. Keeton (1963) found food habits 
of all carpsuckers longer than 6.0 inches to be similar. 
An extensive fish kill coincided with the sudden rise 
in water level in early August 1964 (Figure 13). This un­
doubtedly caused some reduction in population density of 
river carpsuckers, but to what extent is unknown. This sit-
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Table 13. Test of differences in total length among age IV and 
age V river carpsuckers collected from three areas 
during 1964 (see Table 8). Mean lengths not under­
scored by a common line are significantly different. 
Tests were made using Duncan's multiple range test 
for unequal sample sizes as described by Kramer 
(1956) 
Age IV river carpsuckers 
Source df SSq MS P 
Total 130 113 .99 
Areas 2 17 .32 8.67 11.4** 
Error 128 96 .67 .76 
Area C A D 
Date 6/18/64 6/23/64 6/24/64 
No. of fish 54 45 32 
Mean length 9.24 9. 32 10.12 
Age V river carpsuckers 
Source df SSq MS F 
Total 94 141 .99 
Areas 2 18 .07 9.04 6.7** 
Error 92 123 .92 1.35 
Area C A D 
Date 7/28/64 7/24/64 7/22/64 
No. of fish 34 25 36 
Mean length 10.35 10. 94 11.36 
••Significance at the 99 per cent level. 
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nation did not result in an increase in condition of carp-
suckers during the latter part of 1964 (Figure 13). It is, 
therefore, somewhat doubtful whether higher condition of 
carpsuckers in 1965 has any association with the fish kill 
of 1964. 
Discussion 
Consequences of seasonal variation in the length-weight rela­
tionship 
Seasonal variations in the length-weight relationship 
pose a problem when it is desired to estimate an average 
length-weight relationship, for example, for a,year. The 
exact period of time to which the average length-weight re­
lationship is to apply should be defined. Since sampling may 
be difficult or impossible during winter months, the period 
may only include spring, summer, and fall months. The best 
method of estimating an average length-weight relationship 
might be to draw a random (or possibly a systematic) sample of 
days or periods of several days and estimate a value of b for 
each sampling unit. If each estimate of b is based on approxi­
mately equal numbers of fish, a simple average of b values may 
give the best average length-weight relationship. If some 
estimates are made with considerably more variability than 
others, however, a better method may be to calculate a pooled 
estimate of b. Whenever a comparison of regressions between 
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years is to be made, regressions should be representative of 
each year, based on a sampling scheme as discussed above if 
possible. 
Effects of water levels and water temperature on fish growth 
and condition 
Water levels may affect fish growth and condition in 
various ways. Starrett and Fritz (1965) attributed poorer 
condition of bluegills and crappies to turbidity which 
accompanied high water levels. Bluegills and crappies are 
sight feeders; turbidity probably would not have a great 
effect on carpsuckers which are bottom feeders. Abrasion of 
stream and river bottoms, which accompanies high water and 
rapid stream flow, can wash away benthic organisms (Harrison, 
1958). The food supply of carpsuckers can thus be reduced. 
Low water levels may hinder fish growth through crowding (see 
Keeton, 1963, for discussion of the various effects of crowd­
ing on fish growth). Water levels may affect population den­
sities by their effect on spawning success in any year %Star-
rett, 1948). One problem in assessing the effects of water 
levels on growth and condition of fishes in the Des Moines River 
is that fish may leave the river and enter tributaries at high 
water stages. Environmental conditions in the tributaries may 
differ from those in the river. However, water levels must be 
quite high before fish can enter the tributaries, and the time 
they spend in the tributaries may usually be short in relation 
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to the time they are restricted to the river. 
Many studies have shown a close correlation between fish 
growth and temperature (e.g. Haskell ^  , 1956; LeCren, 
1958; Coble., 1966) . An optimum temperature range has been 
reported for growth of brown trout by Pentelow (1939)' and 
Brown (1946b), and for brook trout by Baldwin (1957). Opti­
mum temperature for these species is in the neighborhood of 
50^ to 60^F (Baldwin, 1957), with growth being slower at 
lower and higher temperatures. Temperature can affect growth 
through its effect on the appetite of fish and their efficiency 
of food utilization (Brown, 1946b). An optimum temperature 
probably also exists for warm-water species, such as carp-
suckers, and is undoubtedly at a higher temperature than for 
trout. Higher temperatures, therefore, should generally be 
more favorable for growth of warm-water species than lower 
temperatures; but there is probably an upper limit for opti­
mum growth as well - a limit which may be exceeded each summer. 
The failure of changes in condition of river carpsuckers to be 
associated with temperatures is probably due to a greater 
influence of other factors affecting changes in condition of 
carpsuckers. Coble (1966) reported that some studies of 
yellow perch, Perca flavescens, have found a close association 
of growth and temperature, whereas no correlation was evident 
in other studies. For a further discussion of the effects of 
water levels and temperature on growth refer to Keeton (1963) . 
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POSSIBLE SCHOOLING BEHAVIOR OF RIVER CARPSUCKERS 
Methods 
Most river carpsuckers were captured with an electric 
shocker powered by a 220-volt A.C. generator and'operated 
from a boat. A relatively small number of river carpsuckers 
were also collected with an experimental gill net or with a 
single-wing fyke net. 
Tags were placed on 117 river carpsuckers collected at 
the high bridge of the Chicago and Northwestern Railroad 
(Figure 10) during June and early July of 1965. Low water 
levels prevented sampling in this area later in the summer, 
and none of these fish was recaptured. An additional 1,111 
river carpsuckers taken from a 2.5-mile segment of the Des 
Moines River (Figure 19; section between stations 1 and 5) 
were tagged during June, July, and August of 1965. No 
carpsuckers smaller than about 6.0 inches (total length) 
were tagged. Five tagging stations (Figure 19), each approxi­
mately 100 to 200 yards of river, were located in areas of 
preferred habitat of river carpsuckers (backwaters of riffles 
and areas of rocky bottom). 
Several methods of tagging were used: metal strap tags 
of two sizes (size 1 and 3 from National Tag and Band Co.) were 
applied to the left opercle of carpsuckers; a streamer-type tag 
was attached by monofilament to the body of the fish near the 
Figure 19. The Des Moines River between the Y.M.C.A. camp 
and Boone dam. Tagging stations are shown by 
numbers 
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anterior end of its dorsal fin (see Joeris, 1953 for des­
cription of tag and tagging); and the plastic disc used for 
the streamer tag was also used as a body cavity tag. An 
incision about one-half inch in length was made through the 
body wall of the fish about an inch posterior and dorsal to 
its left pectoral fin for insertion of the tag. A pectoral 
fin was then clipped to identify the fish as tagged. Most 
fish were tagged with metal strap tags because of the greater 
efficiency experienced with the method. 
Mortality due to tagging and handling is not believed 
to be great. Sixteen carpsuckers were tagged and placed in 
wading pools at the University. The number of fish with each 
type of tag was; size 3 strap tag - 5; size 1 strap tag - 4; 
streamer tag - 4; internal tag - 3. After more than three 
months, one fish had lost its size 3 strap tag. No mortalities 
had occurred. A few fish observed in the field had obviously 
lost tags, but the percentage of lost tags during the collec­
tion period is not believed to be great. Fish were always 
released at the same station as tagged. Early in the summer, 
sample sizes were limited by relatively high water levels, and 
most fish were tagged (and recaptured) during late July and 
August. 
Ill 
Results 
Of 102 recaptures, 75 carpsuckers had not moved; this 
suggests a sedentary nature of carpsuckers. However, 60 of 
the 75 carpsuckers which had not moved were recaptured with­
in 20 days after tagging, and 72 within 48 days after tagging 
(Table 14). In 11 instances several carpsuckers tagged at 
the same station and time were recaptured on the same later 
date at the original station. This does not necessarily im­
ply schooling behavior; simply by their apparent sedentary 
nature individual carpsuckers may tend to remain together. In 
only one instance three carpsuckers tagged at the same station 
and time were later recaptured together at a different station 
on the same later date. In seven instances two (on one occasion 
three) carpsuckers tagged at the same station and time were 
later recaptured on the same later date but at different sta­
tions. This limited amount of information does not reveal a 
tendency for carpsuckers to move in schools. It is possible, 
however, that the process of tagging and handling could disrupt 
schools of carpsuckers. It is interesting to note that 2 of 
24 carpsuckers tagged June 8, 1965 at station 5 (Figure 19) 
when water levels were high enough to take the shocker into 
the mouth of a creek, were recaptured October 2, 1965 during 
hi^h water in the mouth of the same creek. Between mid-June 
and mid-September, 1965, water levels were too low for carp­
suckers to have entered this creek. 
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The low percentage of tagged river carpsuckers recap­
tured despite intensive sampling of each station during late 
July and August probably reflects a great population size of 
river carpsuckers and the inefficiency of shocking. Although 
20 or 30 carpsuckers would sometimes be tagged at a station, 
only 1 or 2 could generally be recaptured on the following 
day. It is also possible (although no evidence is available) 
that fish may learn to avoid the shocker. 
Of 27 fish that moved, 10 had moved upstream and 17 
downstream (Table 15). Distances moved by fish (Table 15) are 
greatly biased by the distances between stations. The only 
tagged river carpsucker recaptured thus far in 1966 had moved 
from station 5 (Figure 19) downstream to "High Bridge" (Figure 
10), a distance of approximately 6 miles (this recapture is 
not included in Table 14). Four river carpsuckers were re­
captured twice. Three were recaptured in both instances at 
the same station as tagged, the other had moved from station 1 
to station 4 at first recapture, and then was recaptured again 
at station 4 (data from the second recaptures of these four 
fish do not appear in Tables 14 or .15).• The proportion of 
recaptured fish which had moved is probably an underestimate 
because restriction of sampling to stations most likely gave 
fish which had not moved a greater probability of being re­
captured. Therefore, carpsuckers may not be as sedentary as 
the recaptures indicate. Most recaptures were made during a 
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Table 14. Number of days between tagging and recapture of 
fish which had not moved, and number of samples 
required to recapture each fish 
Period of 
recapture 
No. of 
fish Days 1 2 
No. 
3 
of 
4 
samples^ 
5 6 7 8 9 10 
June 1 1 
6 
16 
1 
1 
July 
1 
4 
2 
2 
1 
1 
2-5 
6-8 
14 
34 
1 
4 
1 1 
2 
1 
August 3 to 
August 12 
3 
13 
7 
9 
3 
1 
2-5 
6-10 
11-19 
26-27 
3 
5 8 
4 3 
4 2 3 
1 1 1 
3 1 3 
August 18 to 
August 31 
1 
9 
4 
4 
4b 
5 
6-9 
14-20 
22-28 
33-48 
i 
2 4 3 
1 1 2 
1 1 2 
1 1 
October 2 2 116 17th sample 
October 27 1 90 1 
dumber of samples taken in the same area from time of 
tagging to recapture. 
^One of these fish was recaptured on the 11th sample since 
tagging, and the other, on the 13th, 
period of relatively stable water levels and during a short 
period of the year. Under different conditions and during 
different times of year movement patterns of carpsuckers may 
not be the same. 
Table 15. Direction of movement and approximate distances moved by tagged river 
carpsuckers 
Period 
recaptured 
No. of 
fish 
Direction of 
up down 
movement 
neither 
Approx. 
% 
distance 
3/4 
moved (mis 
^1 
June 3 1 0 2 0 0 0 1 
July 10 0 0 10 0 0 0 0 
Aug. 3 - Aug. 12 44 0 9 35 3 3 1 2 
Aug. 18 - Aug. 31 42 9 8 25 9 0 1 7 
Oct. 2 and Oct. 27 3 0 0 3 0 0 0 0 
Totals 102 10 17 75 12 3 2 10 
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A comparison of the favorability of the different methods 
of tagging with respect to the length of time that fish retain 
the tag is not yet possible and may be difficult because most 
fish were tagged with strap tags. The river carpsucker re­
captured in 1966 possessed a size 3 strap tag. The streamer 
tag took much longer for the author to apply, but might be 
the best long-term tag for carpsuckers. Muncy (1957), however, 
believed that channel catfish, Ictalurus punctatus, lost this 
tag, possibly by snagging it in brush piles. Strap tags caused 
some erosion of the opercle and carpsuckers may have lost these 
tags more easily than others. Size 1 strap tags were pre­
ferred by the author because they appeared to cause less 
damage to the opercle. Body cavity tagging would seem to 
injure fish most, but is quite an efficient method. Regenera­
tion of clipped fins would limit the usefulness of this 
method. Fish tagged by all methods were recaptured, but not 
enough recaptures were made to determine whether significantly 
more recaptures were recorded from one method of tagging than 
any other. 
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POPULATION ESTIMATION 
Using tag and recapture data from river carpsuckers, a 
rough approximation of their population size is possible. 
Ricker (1958, p. 86) has listed the assumptions necessary 
for population estimates by tag and recapture methods: 
"1) that the marked fish suffer the same natural 
mortality as the unmarked; 
2) that the marked fish are as vulnerable to the 
fishing being carried on as are the unmarked 
ones ; 
3) that the marked fish do not lose their mark; 
4) that the marked fish become randomly mixed 
with the unmarked; or that the distribution 
of fishing effort (in subsequent sampling) is 
proportional to the number of fish present in 
different parts of the body of water; 
5) that all marks are recognized and reported on 
recovery 
6) that there is only a negligible recruitment 
to the catchable population during the time 
the recoveries are being made." 
Assumptions 1, 2, and 5 are assumed to have been met in the 
present study. Recruitment (assumption 6) by growth is 
also assumed negligible since few fish less than 9.0 inches 
were present in the samples even in late summer. Other 
assumptions are discussed later. 
Estimates of the population of river carpsuckers were 
made for a 2.5-mile segment of the Des Moines River (Figure 
19). Estimates apply only to river carpsuckers longer than 
about 6.0 inches. Combining data from all stations, the 
formula of Schnabel (1938) yields an estimate of 6,932 for 
the 2.5-mile area. This estimate is probably low because 
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most carpsuckers did not move and sampling was concentrated 
at stations; a greater percentage of marked fish would 
therefore be expected to be recaptured than if sampling was 
random (assumption 4 was not met). Unequal vulnerability 
to the shocker of carpsuckers of different sizes would also 
tend to lower the estimate; however, judging from examples 
presented by Ricker (1958), this factor is not believed to 
be a serious source of error, especially in the present 
study since carpsuckers smaller than about 6.0 inches were 
not tagged. Differences in vulnerability to shocking are 
usually greatest when the size range of fish includes fish 
smaller than 6.0 inches (Sullivan, 1956). Movement of un­
tagged fish into the 2.5-mile area would tend to raise the 
population estimate. Loss of tags would also tend to raise 
the population estimate, but the percentage of lost tags is 
not believed to be great. All factors considered, the estimate 
is believed to be low rather than high. 
The problem of non-random sampling can be overcome if 
each station is considered separately, and it is assumed 
that sampling is random within a station. Based only on 
recaptured fish which had not moved, the following es­
timates were obtained for each station by the method of 
Schnabel; 
station 1: 1,780 
station 2; 1,020 
station 3: 1,037 
station 4: 2,045 
station 5; 4,017 
Total 9,899 
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This estimate (9,899) only applies to the total area of the 
five stations. It will be high because it is greatly 
biased by movement. Of 102 recaptures, 27 fish or 26.5 per 
cent had; moved. This is probably an.underestimate since 
sampling was concentrated at stations. If, in fact, 50 per 
cent of the fish, had moved, the estimate would be twice as 
high as it should be. Assuming each station was 200 yards 
long, the area to which the estimate applies would be 1,000 
yards or .568 miles. This is only .23 of the 2.5-mile area. 
To extend the estimate to the 2.5-mile area, assumptions must 
be made about the numbers of carpsuckers in areas between 
stations. Since preferred area of river carpsuckers were 
chosen as stations, it is not believed that carpsuckers were 
as abundant (per unit area) between stations. Because of the 
arbitrary nature of trying to extend the estimate of 9,899 
to the 2.5-mile area, it is perhaps best to consider only 
the first estimate (6,932), which is probably a minimum esti­
mate. 
Of 269 river carpsuckers finclipped in this area in 
1964, 7 were recaptured in 1965. Applying Bailey's mod­
ification of the Petersen method (see Ricker, 1958, p. 84) 
an estimate of 44,318 is obtained. Recruitment, fin-regen­
eration, and movement all tend to make this estimate much 
higher than it should be. For lack of better data, however, 
it may be taken as a maximum estimate. 
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Harrison (1956) estimated the population of "quill-
backs" for a 5.5-mile impounded section of the Des Moines 
River near Humboldt, Iowa to be 25,000. Harrison was prob­
ably referring to all species of carpsuckers. Since river 
carpsuckers are far more abundant than other species of 
carpsuckers in the Des Moines River, Harrison's estimate is 
an approximate estimate of the number of river carpsuckers. 
His estimate applies to fish of a size range similar to the 
present study. 
The average weight of 779 river carpsuckers, 6.0 inches 
or longer, from the 2.5-mile segment of the Des Moines River 
sampled for this study was .637 pounds. An estimate (prob­
ably minimal) of the pounds of river carpsuckers in this 
segment of the river is, therefore, 
(6.932) (.637) = 4,416, or 1,766 pounds per mile. 
Harrison (1956) reported 95,000 pounds of fish, of all 
species, taken from his 5.5-milè study area of the Des 
Moines River after poisoning with rotenone. 
# 
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SPAWNING 
Methods 
Ovaries were obtained from river carpsuckers collected 
from area C (Table 8) during 1964 and 1965, and from area B 
on June 1 and 3, 1964. All fish were captured by electric 
shocking apparatus as described earlier. Usually fish were 
placed into formalin in the field, after being measured. 
Ovaries were removed as the fish were sexed later in the 
laboratory. Ovaries were kept in formalin (approximately 10 
per cent) until examined. 
Sex Ratio 
Most fish in each sample were sexed; the smallest fish, 
however, were difficult to sex and when the sex of these fish 
was questionable, they were simply called juveniles. Of 452 
fish collected in 1964, 55.5 per cent were females, and in 
1965,57.0 per cent of 510 fish. This departure from a 1:1 
ratio is statistically significant (see Table 16 for test of 
1965 data; for test of 1964 data see Behmer, 1965) . A pre­
ponderance of females has been reported for many species 
(Aim, 1959), and can usually be associated with a higher 
mortality rate of males. The high percentage of males col­
lected May 6, 1965 may indicate a concentration of males on a 
spawning grounds - but this was earlier than any evidence of 
spawning. A high percentage of males (28 males, 17 females) 
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was also collected July 28, 1964. However, most of the 
spawning in 1964 had already occurred at this date. Since 
the heterogeneity chi square was not significant at the 95 
per cent level for 1964 (Behmer, 1965) or 1965 (Table 16), 
the high percentage of males on these two dates may simply be 
due to sampling variability. 
Table 16. Number of males and female carpsuckers by date, 
1965 
Date 5/6 5/13 5/28 6/4 6/10 6/22 
Males 27 25 9 18 12 24 
Females 16 42 19 20 19 24 
Date 7/1 7/12 7/22 7/27 8/2 8/13 9/3 
Males 9 8 16 20 12 19 21 
Females 21 11 19 22 27 19 31 
Totals; 220 males pooled chi square = 9.6** 
290 females heterogeneity chi square - 16.1 
Size at Maturity 
An ovary weight (as a percentage of body weight) of 3.0 
or greater was designated by Behmer (1965) as indicating a 
fish ripening to spawn. Since ovaries had been in formalin 
before weighing, ovary weights may be slightly biased. The 
two smallest female river carpsuckers found ripening in 1965 
were 8.2 and 8.8 inches total length. All other ripening 
females (70 in number) collected in 1965 were at least 9.5 
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inches long. Eight of 51 ripening females collected in 1964 
were less than 9.5 inches long. The shortest two were 8.9 
inches. There appears to be some tendency for larger females 
to ripen earlier in the season than smaller females (Table 17). 
Table 17. Mean weight of ripening females, by date, 1964 and 
1965 
Year Dates No. of fish 
Mean weight 
(grams) Range 
6/1 & 6/3 7 551 422-737 
1 OCA 6/16 & 6/18 16 267 153r513 
6/30 & 7/1 20 263 180-513 
7/14 & 7/18 8 247 132-482 
5/6 & 5/13 11 284 180-508 
1965 5/28 & 6/4 18 258 191-452 
6/10 & 6/22 21 275 188-527 
7/1 & 7/12 16 245 191-437 
Spawning Period 
The percentage^ of ripening females, and their mean 
ovary weights (as percentages of body weights) have been cal­
culated for each date as a measure of spawning intensity 
(Table 18; Figure 20 A and B). The mean ovary weight (as a 
percentage of body weight) of ripening fish is an indication 
of the average stage of development of eggs in ripening fish. 
As a measure of the proportion of fish which are almost ready 
to spawn on any date, the percentage of fish having an aver­
age egg diameter greater than 0.9 millimeters has been de-
This percentage is based on the total number of fish which 
could be identified as females on each date; some of these fish 
probably did not mature, but most females in each sample were 
large enough to have matured. 
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termined (Figure 20 C). The figure 0.9 was arbitrarily chosen; 
the greatest mean diameter of maturing eggs for any female 
collected was 1.22 millimeters. Finally, as a measure of the 
average stage of egg development or ripeness of all females, 
the average ovary weight (as a percentage of body weight) was 
calculated for each date for all fish which were identified 
as females (Figure 20 D). These averages are approximate be­
cause ovaries were not always weighed when it was obvious 
that they were less than 3.0 per cent of the fish's body 
weight. To compute the average, therefore, all fish having 
ovary weights (as percentages of body weights) less than 3.0 
were assigned ovary weights (as percentages of body weights) 
of 1.5. 
Most spawning in 1964 and 1965 apparently occurred dur­
ing June and early July (Figure 20). The spawning period 
appears to be about the same in both years even though spring 
water levels were much higher in 1965 than in 1964 (Figure 
13). Two females were found ripe in August in 1964, and one 
in August in 1965. Two of 31 females collected September 3, 
1965 had ovary weights (as percentages of body weights) be­
tween 3.0 and 4.0; all others were less than 3.0. Ovaries of 
several fish collected at area A in October, 1965 were quite 
large, while other fish had small ovaries. Eggs probably 
develop slowly during the winter. It does not appear that 
many carpsuckers spawned during or before May in 1965. Data 
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Table 18. Spawning intensity of river carpsuckers, 1964 and 
1965 
Year Date 
No. of 
ripe 
fish 
Mean ovary 
weight (as a 
percentage of 
body weight) 
Percentage 
of females 
ripening 
6/1 2 7.53 10.5* 
6/3 5 12.52 18.5* 
1964 6/16 6 9.36 31.2* 
6/18 11 14.27 36.6 
6/30 5 7.76 20.8 
7/1 12 6.97 44.4 
7/14 4 4.91 15.4 
1964 7/18 2 6.70 7.1 
7/28 1 3.14 5.9 
7/31 1 4.34 4.0 
1964 8/13 & 18 2 8.76 5.6 
5/6 3 4.33 23.0 
5/13 8 4.51 19.0 
1965 5/28 8 5.44 42.1 
6/4 12 6.89b 60.0 
6/10 11 7.17 57.9 
6/22 10 8.17 41.7 
7/1 9 9.16 42.8 
1965 7/12 7 5.63 63.6 
7/22 2 7.96 10.5 
7/27 1 3.55 4.5 
1965 8/2 6 13 1 3.48 2.2 
^Sexing of fish was somewhat questionable on these dates 
due to inexperience of the author. 
h 
based on 10 rather than 12 fish. Ovary weights were not 
taken from 2 fish known to be ripe because these fish were used 
by another investigator. 
Figure 20. Percentage of females ripening by date, 1964 and 
1965 (A). Mean ovary weight (as a percentage of 
body weight) for each date, 1964 and 1965 (B). 
Percentage of females with average diameter of 
maturing eggs greater than 0.9 millimeters for 
each date, 1964 and 1965 (C). Mean ovary weight 
(as a percentage of body weight) of all females 
by date, 1964 and 1965 (D). 
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from May of 1964 are lacking, but none of approximately 10 
river carpsuckers examined in April, 1964 contained ovaries 
very advanced in ripening. 
Fecundity 
Fry (1949) and Larimore (1957) used egg diameters as a 
basis for estimating egg numbers. A relationship was there­
fore established between the average dry weight and average 
diameter of carpsucker eggs. A sample of maturing eggs, 
ranging from approximately 60 to 125 eggs, was taken from 
each of 12 ovaries. The 12 ovaries were randomly chosen from 
all ovaries of the 1965 collections weighing at least 2.0 per 
cent of the fish's body weight. The diameter of each egg in 
the sample was measured using an ocular micrometer; to avoid 
possible bias, eggs were measured along whichever axis fell 
parallel to the micrometer. Samples were placed in an oven at 
approximately 90° to 100^ C to dry. Experimentation showed 
that the eggs reached a constant weight after about 72 hours. 
The eggs and container were placed in a dessicator to cool 
and then weighed to the nearest .0 001 gram on an analytical 
balance. It was found that the logarithm of the average egg 
weight was linearly related to the logarithm of the average 
diameter of the eggs in the sample. Based on 12 samples the 
calculated regression of the logarithm of mean egg weight on 
the logarithm of mean egg diameter is (r = .984); log (mean 
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dry egg weight) = 2.390 + 3.264 log (^iameter^ where mean egg 
weight is in micrograms, and mean egg diameter in micrometer 
units (26.818 micrometer units • 1.0 millimeter). The dry 
weight of the ovaries of 29 females (randomly chosen from 
those of the 1965 collections weighing at least 2.0 per cent 
of the fish's body weight) was then determined, not including 
the weight of the ovarian membranes. The weight of the 
atretic eggs in each ovary (see Behmer, 1965) was estimated 
from their mean diameter and abundance (relative to maturing 
eggs), and subtracted from the ovary weights. Since the 
atretic eggs were less numerous than the maturing eggs and 
smaller in average diameter, their weight was usually very 
slight in relation to the weight of the maturing eggs. The 
number of eggs for each of the 29 fish was then determined 
by estimating the average dry egg weight of each fish from 
the average diameter of its maturing eggs, and dividing this 
value into the total dry egg weight (not including weight of 
membranes and atretic eggs) of both ovaries of the fish. The 
average diameter of maturing eggs for each fish was determined 
from measurements of approximately 50 eggs. 
Separating ova from their membranes, and drying and 
weighing them can be a time-consuming process. A close rela­
tionship was found to exist between the wet ovary weight of 
the 29 fish and dry ovary weight (discounting membrane weight 
and weight of atretic eggs). The equation describing this 
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relationship is (r = .989) : 
Dry ovary weight = -1.3718 + .3484 (wet ovary weight) 
where wet and dry ovary weights are measured in grams. Since 
wet ovary weights are closely correlated with dry ovary 
weights, estimates of egg numbers based on wet ovary weights 
should be almost the same as those based on dry ovary weights. 
A prediction equation was therefore developed using estimated 
egg number (based on actual dry ovary weight) of each of the 
29 fish as a dependent variable, Y, and the quantity 
7 Estimated dry ovary weight » 10 _ 
' (Mean egg diameter)3*264 
(-1.3718 + .3484 (wet ovary weight)) * 10^ 
(Mean egg diameter)564 
as an independent variable, X, where ovary weights are in 
grams and mean egg diameters in micrometer units (26..&18 micro 
meter units = 1.0 millimeter). The calculated prediction 
equation is (r = .960); 
Y = 3,930.6 + 21.1 X. 
Thus, the above equation can estimate egg numbers for any 
river carpsucker given its wet ovary weight and mean egg 
diameter. Using this equation, egg numbers were estimated 
for all except four fish having an ovary weight (as a per­
centage of body weight) of at least 3.0 collected in 1964 
and 1965. Egg counts were also made for some fish having 
ovary weights (as percentages of body weights) between 2.0 
130 
and 3.0. (Although an ovary weight (as a percentage of body 
weight) of 3.0 or greater was designated as representing a 
ripening fish (Behmer, 1965), examination of ovaries weighing 
2.0 to 3.0 per cent of the fish's body weight indicated 
ripening eggs sufficiently distinct from the small, trans­
parent ova found in all ovaries, that egg counts for these 
fish were possible). 
The highest estimated egg number of any fish was 154,038 
for a 737 gram female collected June 3, 1964, (Figure 21) and 
the lowest estimated number of eggs was 4,431 for a 183 gram 
female collected June 1, 1964. 
The regression equations of estimated egg number on 
weight of fish in grams were then calculated for each year. 
These equations are: 
1964 - egg no. (thousands) = 4.18 + .149 (weight); 
1965 - egg no, (thousands) = 12.7 + .181 (weight). 
Mode of Spawning 
Surber (1943) observed a second spawning of smallmouth 
bass, Micropterus dolomieu, during one year, and noted that 
the number of eggs spawned was only about one-fourth the 
number spawned in the first spawning. If carpsuckers spawn 
more than once a season, it might be reasonable to expect 
that second or third spawnings would not involve as many eggs 
as a first spawning. This could be investigated by deter­
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mining the average number of eggs held by females on each 
date. Egg number, however, increases with the size of the 
fish (Figure 21). By calculating the deviations from the re­
gression line for each year (Figure 21), a measure of egg 
number is obtained which is not dependent on the size of the 
fish (Table 19). Each average deviation (Table 19) is based 
on all fish of that date having ovary weights at least 2.0 
per cent of their body weights for which egg measurements 
were made. On the average, fish spawning later in the year 
contained fewer eggs than those spawning earlier. 
It appears that some fish had begun to develop a group 
of eggs in late July, but that these eggs stopped development 
and were resorbed. Five of 22 females (or 23 per cent) col­
lected July 27, 1965 had ovary weights (as percentages of 
body weights) between 2.0 and 3.0. The average diameter of 
the maturing eggs in these fish was about 0.6 millimeters. 
Only 3 of 27 females (or 11 per cent) collected August 2, 1965 
had ovary weights (as percentages of body weights) between 
2.0 and 3.0, and yolked eggs in these ovaries as well as in 
several smaller ovaries appeared to be resorbing. Thus it 
appears that the fish which were developing a group of eggs 
July 27, were now resorbing these eggs. None of 19 females 
collected August 13, 1965 had ovary weights (as percentages 
of body weights) greater than 2.0 except one fish which had 
an ovary weight (as a percentage of body weight) of 3.5. This 
was the smallest fish found ripe in 1964 or 1965 and may have 
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simply matured late in the season. Several of the ovaries 
containing developing eggs in late July also contained a few 
residual large eggs, obviously left over from a previous 
Table 19, Average deviation of egg number from the regression 
lines (Figure 20) for each year by date 
Year Date No. of 
fish 
Average 
Deviation 
(thmisfinds) 
Range 
1964 
1964 
1964 
6/1 
6/3 
6/16 
6/18 
6/30 
7/1 
7/14 
7/18 
7/28 
7/30 
8/13 
8/18 
3 
5 
6 
11 
6 
9 
5 
2 
1 
1 
1 
1 
+8.3 
-3.6 
+4.5 
+10.7 
-4.2 
-4.1 
-3.4 
-7.5 
-13.0 
-30.0 
-15.0 
-35.0 
-19 to +24 
-27 to +48 
-9 to +16 
+1 to +20 
-10 to +1 
-12 to +3 
-21 to +8 
-8 to -7 
5/6 4 +9.0 -14 to +27 
5/13 9 +4.9 -4 to +15 
1965 5/28 8 +3.6 -10 to +22 
6/4 10 +7.1 -2 to +38 
6/10 11 +3.0 -7 to +11 
6/22 11 +2.8 -15 to +22 
7/1 10 -3.5 -13 to +15 
1965 7/12 9 -5.2 -16 to +7 
7/22 4 -9.0 -17 to -3 
7/27 6 -15.2 -39 to 0 
8/2 3 -22.3 
C
M
 1 to -16 
1965 8/13 1 -3.0 -3 
9/3 7 + .9 -17 to +23 
Figure 21. Estimated egg number in thousands plotted against 
weight of fish for 1964 and 1965 
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spawning. Adjusted egg counts made for these fish were far 
below average (Table 19). 
During 1964 several fish had ovary weights (as percent­
ages of body weights) between 2.0 and 3.0 on July 14 and 18, 
but no females were collected with ovaries of this size later 
in July or in August. Egg counts were made for only two of 
these fish, collected July 14. One fish had deviated 21,000 
below its expected egg number, but the other fish was 8,000 
above. Again, the indication seems to be that the ripening 
eggs of most of these fish were resorbed. However, two fe­
males collected in August, 1964 had very ripe ovaries. They 
were collected on August 13 and August 18 and had ovary weights 
(as percentages of body weights) of 9.05 and 8.46. Ovaries of 
these fish contained fewer than average eggs (Table 19). 
These two fish perhaps could have spawned in August, but 
general observations made on male river carpsuckers (Behmer, 
1965) indicated that they do not remain ripe as late in the 
season as some females. It is doubtful, therefore, whether 
these fish could have spawned successfully. 
The below-average number of eggs for June 3, 1964 (Table 
19) seems out of place. All females found ripe on this date 
were exceptionally large (Table 17). Since there appears to 
be some tendency for large carpsuckers to spawn earlier than 
smaller fish (Table 17), it seems possible that some of these 
fish were partially spawned. The eggs of all of these fish 
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were very large in diameter. 
The presence of residual large eggs, along with a batch 
of smaller ripening eggs, was taken as evidence that a fish 
had spawned and was ripening for another spawning. Although 
ovaries were examined grossly throughout the spawning season 
during 1965, residual large eggs and a group of maturing eggs 
were not seen in any ovaries until July 1. Residual large 
eggs were more frequent in ovaries collected in late July. 
During 1964 residual large eggs were first found in a ripen­
ing fish on June 16. Eggs may not always be left behind after 
spawning, and are difficult to detect unless the ripening 
eggs are quite small. Moreover, in some instances when re­
sidual large eggs were present, only one or two were seen. 
They would thus be easily overlooked. Vladykov (1956) noted 
that some brook trout retained residual large eggs from one 
spawning season to the next. The residual large eggs of carp-
suckers, however, are believed to be left over from previous 
spawnings in the same season. They were observed most often 
in 1965 at the end of the spawning period, and no residual 
large eggs were noted in any ovaries collected early in the 
season. The presence of residual large eggs along with a 
group of ripening eggs, and a noted decrease in fecundity of 
river carpsuckers spawning later in the season, are evidence 
that at least some river carpsuckers spawn more than once in 
a season. 
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Discussion 
The presence of more than one mode of yolked eggs in 
ovaries has been interpreted by various authors as indicating 
intermittent spawning (e.g. Clark, 1934: Hickling and Ruten-
berg, 1936; Carbine, 1944). A group of eggs intermediate in 
size, however, may represent atretic eggs (Vladykov, 1956; 
Henderson 1963a; Behmer, 1965). These studies have found the 
atretic eggs to be much less frequent than the larger matur­
ing eggs. On the other hand, yolked eggs of intermediate 
size may be much more frequent than the maturing eggs (Clark, 
1934) , or may vary greatly in abundance relative to the larger 
eggs (MacGregor, 1966). 
It seems logical to think that eggs of an intermediate 
size would be necessary if a fish is to spawn more than once 
in a season, because eggs of most species develop for many 
months before the spawning season (e.g. Qasim, 1957; Hender­
son, 1963b). The time required for eggs to mature has been 
used as an argument against intermittent spawning (Naumov, 
1959; MacGregor, 1966). However, Qasim (1956) observed three 
spawnings of a shanny, Blennius pholis, in an aquarium within 
about six weeks. The first and second spawnings were separated 
by only two weeks, although eggs develop for many months be­
fore the spawning season of the shanny (Qasim, 1957). Eggs 
for second and third spawnings of the shanny appear to develop 
from a group of eggs intermediate in size (Qasim, 1957). 
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Eggs of river carpsuckers for a second spawning would have 
to develop from the stock of very small transparent ova, 
since eggs of intermediate size in carpsucker ovaries are 
undergoing atresia (Behmer, 1965). Atretic eggs of carp-
suckers are generally lighter in color than the maturing eggs 
and fit the description of atretic eggs given by Vladykov 
for brook trout (see Vladykov, 1956, p. 815 for illustration). 
They decrease in number as the maturing eggs increase in dia­
meter (Behmer, 1965) . Vladykov (1956) concluded that the re­
duction in number of atretic eggs of brook trout as maturing 
eggs ripened was caused by degeneration of some of these 
eggs. 
The increase in weight necessary for maturation of very 
small transparent eggs would not be much greater than the 
increase needed for intermediate eggs because the weight of 
an egg increases roughly as the cube of its diameter. More­
over, eggs may grow very rapidly at the advent of spawning. 
Shireman (1962) found that the average ovary weight (as a 
percentage of body weight) of striped mullet, Mugil cephalus, 
increased from about 2.5 to 12 in two weeks as spawning time 
approached. James (1946) described a similar situation for 
bluegills. Henderson (1963b) observed a second group of eggs 
ripening from the transparent stock of eggs of brook trout, 
after the first group stopped development due to artificial 
manipulation of photoperiod. The second group of eggs developed 
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at a slightly slower rate than the first group. It does not 
seem improbable, therefore, that eggs for more than one 
spawning per season could be matured from the stock of small, 
transparent ova of river carpsuckers. 
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SUMMARY 
1. To establish the usefulness of changes in condition as a 
measure of the effect on the environment on well-being of fish, 
data on growth and condition of bluegills in the laboratory 
were analyzed. 
2. Changes in condition of bluegills in the laboratory were 
positively related to growth. Weight losses of bluegills, 
and growth in length lagging behind growth in weight were 
probably largely responsible for this relationship, 
3. Changes in condition were found to be negatively related 
to initial condition, and would appear to be most useful as a 
measure of environmental effects on well-being if initial con­
dition is also considered. 
4. There was evidence of a positive relationship between 
instantaneous rate of growth of bluegills and their initial 
condition, as found by Brown (1946a) for brown trout. 
5. Length-weight relationships of river carpsuckers, were 
calculated for various dates throughout the season using 
data from 1960, 1961, 1963, 1964, and 1965. 
6. Spawning may be partly responsible for some of the sea­
sonal variations in the length-weight slope. There is a 
tendency for the slope to be high early in the year, and then 
decrease during June and July. 
7. Seasonal variations in the slope make it necessary to 
include samples from different times of year to calculate a 
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length-weight regression descriptive of an entire year's 
data. 
8. No explanation could be found for the year to year 
variation in the slope of fish longer than 11.0 inches. 
9. The slope for the entire size range of fish differed be­
tween years, but was not greater than 3.0 for any year. The 
average slope was 2.87. 
10. Changes in condition Of river carpsuckers were not 
associated with average water levels or water temperatures, 
and average June condition of river carpsuckers did not 
appear to be related to average April-May water levels or 
temperatures. 
11. Year to year differences in average size and condition 
of river carpsuckers were quite marked. Differences in 
average size of river carpsuckers may be related to differ­
ences in year class abundance, possibly due to unsuccessful 
spawnings in some years. Differences in population density 
are discussed as a possible cause of year to year differences 
in condition. 
12. Tags were placed on 1,111 river carpsuckers taken from a 
2.5-mile segment of the Des Moines River. Of 102 recaptures, 
only 27 had moved. Most recaptures, however, were made with­
in several weeks after tagging. Carpsuckers tagged at the 
same station and time did not tend to remain together when 
they moved. 
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13. An approximation of the population size of river carp-
suckers within a 2.5-mile segment of the Des Moines River 
made using tag and recapture data is 6,932. This is believed 
to be a minimum estimate. 
14. Collections of river carpsuckers in 1964 and 1965 had 
55.5 and 57.0 per cent females respectively. 
15. Few females shorter than 9.0 inches total length were 
found to be mature. 
16. Most spawning of river carpsuckers in 1964 and 1965 
apparently occurred in June and early July. 
17. A relationship between average egg diameter and average 
egg weight was used as a basis for estimating egg numbers. 
18. Estimated egg numbers ranged from 4,431 to 154,038 per 
female and increased with the weight of the fish. 
19. The presence of residual large eggs along with a batch 
of ripening eggs in some ovaries, and a tendency for fish 
spawning later in the season to contain fewer eggs, are 
evidence that at least some river carpsuckers spawn more than 
once in a season. 
143 
LITERATURE CITED 
Allen, K. R. 
1940 Studies,on the biology of the early stages of 
the salmon (Salmo salar). I. Growth in the River 
Eden. Journal of Animal Ecology 9: 1-23. 
Aim, Gunnar 
1959 Connection between maturity, size, and age in 
fishes. Drottningholm, Sweden, Institute of 
Freshwater Research Report 40: 5-145. 
A1 Rawi, T. R. 
1964 Reading of scales of river carpsuckers, Carpiodes 
carpio. Unpublished M.S. thesis. Ames, Iowa, 
Library, Iowa State University of Science and 
Technology. 
Applegate, V. C. and M. L. H. Thomas 
1965 Sex ratios and sexual dimorphism among recently 
transformed sea lampreys, Petromyzon marinus 
Linnaeus. Canada Fisheries Research Board 
Journal 22: 695-711. 
Baldwin, N. S. 
1957 Food consumption and growth of brook trout at 
different temperatures. American Fisheries 
Society Transactions 86; 323-328. 
Ball, J. N. and J. W. Jones 
1960 On the growth of the brown trout of Llyn Tegid. 
Zoological Society of London Proceedings 134: 
1-41. 
Beckman, W. C. 
1943 Further studies on the increased growth rate of 
the rock bass, Ambloplites rupestris (Rafinesque), 
following the reduction in density of the pop­
ulation. American Fisheries Society Transac­
tions 72: 72-78. 
Behmer, D. J. 
1965 Length-weight relationship and spawning of river 
carpsuckers, Carpiodes carpio in Des Moines 
River, Iowa. Unpublished M.S. thesis. Ames, 
Iowa, Library, Iowa State University of Science 
and Technology. 
144 
Belding, D. L. 
1937 Atlantic salmon parr of the west coast rivers of 
Newfoundland. American Fisheries Society Trans­
actions 66: 211-234. 
Bennett, G. W. 
1948 The bass-bluegill combination in a small arti­
ficial lake. Illinois Natural History Survey 
Bulletin 24: 377-412. 
Beyerle, G. B. and E. L. Cooper 
1960 Growth of brown trout in selected Pennsylvania 
streams. American Fisheries Society Transac­
tions 89: 255-262. 
Blackburn, M. 
1960 A study of condition (weight for length): of 
Australian barracouta, Thyrsites atun (Euphrasen) 
Australian Marine and Freshwater Research Jour­
nal 11: 14-41. 
Brown, M. E. 
1946a The growth of brown trout (Salmo trutta Linn). 
II. The growth of two-year old trout at a 
constant temperature of 11.5^0. British Jour­
nal of Experimental Biology 22: 130-144. 
Brown, M. E. 
1946b The growth of brown trout (Salmo trutta Linn). 
III. The effect of temperature on the growth 
of two-year-old trout, British Journal of 
Experimental Biology 22: 145-155. 
Brown, M. E. 
1957 Experimental studies on growth. In Brown, M. 
E., ed. The physiology of fishes. Vol. 1. 
pp. 361-400. New York, New York, Academic 
Press, Inc. 
Carbine, W. F. 
1944 Egg production of the northern pike, Esox 
lucius L., and percentage survival of eggs and 
young on the spawning grounds. Michigan Academy 
of Science, Arts, and Letters Papers 29: 123-137. 
Carlander, K. D. 
1953 Handbook of freshwater fishery biology with the 
first supplement. Dubuque, Iowa, W. C. Brown 
Company. 
145 
Carlander, K. D., W. M. Lewis, C. E. Ruhr and.R. E. Cleary 
1953 Abundance, growth, and condition of yellow bass, 
Morone interrupta Gill, in Clear Lake, Iowa, 
1941 to 1951. American Fisheries Society Trans­
actions 83; 91-103. 
Chatwin, B. M. 
1959 The relationships between length and weight of 
yellowfin tuna (Neothunnus macropterus) and 
skipjack tuna (Katsuwonus pelamis) from the 
eastern tropical Pacific Ocean. Inter-American 
Tropical Tuna Commission Bulletin 3; 307-352. 
The weight-length relationship of the California 
sardine (Sardina caerula) at San Pedro. Cali­
fornia Department of Fish and Game Fish Bulletin 
12. 
Clark, F. N. 
1934 Maturity of the California sardine (Sardina 
caerulea), determined by ova diameter measure­
ments. California Department of Fish and Game 
Fish Bulletin 42. 
Clark, F. 
1928 
Clugston, J. P. 
1964 Growth of the Florida largemouth bass, Micropterus 
salmoides floridanus (LeSuer), and the northern 
largemouth bass, M. S. salmoides (Lacepede), in 
subtropical Florida. American Fisheries Society 
Transactions 93: 146-153. 
Coble, D. W. 
1966 Dependence of total annual growth in yellow 
perch on temperature. Canada Fisheries Research 
Board Journal 23: 15-20. 
Cooper, E. L. 
1953 Periodicity of growth and change of condition of 
brook trout (Salvelinus fontinalis) in three 
Michigan trout streams. Copeia 1953: 107-114. 
Cooper, E. L. 
1961 Growth of wild and hatchery strains of brook 
trout. American Fisheries Society Transactions 
90: 424-438. 
Cooper, E. L., H. Hidu and J. K. Andersen 
1963 Growth and production of largemouth bass in a 
small pond. American Fisheries Society Transac­
tions 92: 391-400. 
146 
Deason, H. J. and R. Hile 
1947 Age and growth of the kiyi, Leucicthys kiyi 
Koelz, in Lake Michigan. American Fisheries 
Society Transactions 74; 88-142. 
Eschmeyer, P. H. and A. M. Phillips, Jr. 
1965 Fat content of the flesh of siscowets and lake 
trout from Lake Superior. American Fisheries 
Society Transactions 94: 62-74. 
Farris, D. A. 
1956 Diet-induced differences in the weight-length 
relationship of aquarium fed sardines (Sardinops 
caerulea). Canada Fisheries Research Board 
Journal 13: 507-513. 
Fry, F. E. J. 
1949 Statistics of a lake trout fishery. Biometrics 
5: 27-67. 
Gerking, S. D. 
1955 Influence of rate of feeding on body composition 
and protein metabolism of bluegill sunfish. 
Physiological Zoology 28: 267-282. 
Guy ton, A. C. 
1961 Textbook of medical physiology. 2nd ed. Phila­
delphia, Pennsylvania, W. B. Saunders Company. 
Hansen, D. F. 
1951 Biology of the white crappie in Illinois. 
Illinois Natural History Survey Bulletin 25; 
211-265. 
Harrison, A. D. 
1958 Hydrobiological studies on the Great Berg River, 
Western Cape Province. Part 2. Quantitative 
studies on sandy bottoms, notes on tributaries 
and further information on the fauna, arranged 
systematically. Royal Society of South Africa 
Transactions 35; 227-276. 
Harrison, H. M. 
1956 An experimental treatment of a segment of the 
Des Moines River in Iowa to increase desirable 
fish by suppressing undesirable forms. Iowa 
State Conservation Commission Quarterly Biology 
Reports 8: 11-15. 
147 
Hart, J. L., A. L. Tester, D. Beall and J. P. Tully 
1940 Proximate analysis of British Columbia herring 
in relation to season and condition factor. 
Canada Fisheries Research Board Journal 4: 478-
490. 
Haskell, D. C., L. E. Wolf and L. Bouchard 
1956 The effect of temperature on the growth of brook 
trout. New York Fish and Game Journal 3; 108-
113. 
Henderson, 
1963a 
N. E. 
Extent of atresia in maturing ovaries of eastern 
brook trout, Salvelinus fontinalis (Mitchill). 
Canada Fisheries Research Board Journal 20: 
899-908. 
Henderson, N. E. 
1963b Influence of light and temperature on the re­
productive cycle of the eastern brook trout, 
Salvelinus fontinalis (Mitchill). Canada Fish-
eries Research Board Journal 20; 859-898. 
Hickling, C. F. 
1945 The seasonal cycle in the cornish pilchard, 
Sardina pilchardus Walbaum. Marine Biology 
Association Journal 26: 115-138. 
Hickling, C. F. and E. Rutenberg 
1936 The ovary as an indicator of the spawning 
period in fishes. Marine Biology Association 
Journal 21: 311-316. 
Hile, R. 
1936 Age and growth of cisco, Leucichthys artedi 
(LeSuer), in the lakes of the northeastern high­
lands, Wisconsin. United States Bureau of 
Fisheries Bulletin 48: 211-315. 
Hoar, W. S. 
1939 The weight-length relationship of the Atlantic 
salmon. Canada Fisheries Research Board Journal 
4: 441-460. 
Huxley, J. S. 
1932 Problems of relative growth. New York, New York, 
The Dial Press. 
148 
James, M. F. 
1946 Histology of gonadal changes in the bluegill, 
Lepomis macrochirus and the largemouth bass, 
Micropterus salmoides. Journal of Morphology 
79: 63-91. 
Jobes, F. W. 
1943 The age, growth, and bathymétrie distribution of 
Reighard's chub, Leucichthys reighardi Koelz, in 
Lake Michigan. American Fisheries Society Trans­
actions 72; 108-135. 
Jobes, F. W. 
1947 The age, growth, and bathymétrie distribution of 
the bloater, Leucicthyes hoyi (Gill), in Lake 
Michigan. Michigan Academy of Science, Arts, 
and Letters Papers 33: 135-173. 
Joeris, L. S. 
1953 Technique for the application of a streamer-
type fish tag. American Fisheries Society 
Transactions 82: 42-47. 
Keeton, D. 
1963 Growth of fishes in the Des Moines River, Iowa, 
with particular reference to water levels. Un­
published Ph.D. thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 
Kesteven, G. L. 
1947 On the pondéral index, or condition factor, as 
employed in fisheries biology. Ecology 28: 78-
80.  
Kramer, C. Y. 
1956 Extension of multiple range tests to group means 
with unequal numbers of replications. Biometrics 
12: 307-310. 
H. and L. L. Smith 
First-year growth of the largemouth bass, 
Micropterus salmoides (Lacepede), and some re­
lated ecological factors. American Fisheries 
Society Transactions 89: 222-233. 
Larimore, R. W. 
1957 Ecological life history of the warmouth 
(Centrarchidae). Illinois Natural History Sur­
vey Bulletin 27: 1-83. 
Kramer, R. 
1960 
149 
LeCren, E. D. 
1951 The length-weight relationship and seasonal 
cycle in gonad weight and condition in the perch 
(Perca fluviatilis). Journal of Animal Ecology 
20; 201-219. 
LeCren, E. D. 
1958 Observations on the growth of perch (Perca 
fluviatilis L.) over twenty-two years with 
special reference to the effects of temperature 
and changes in population density. Journal of 
Animal Ecology 27; 287-334. 
MacGregor, J. S. 
1959 Relation between fish condition and population 
size in the sardine (Sardinops caerulea), 
U.S. Fish and Wildlife Service Fishery Bulletin 
No. 166. 
MacGregor, J. S. 
1966 Fecundity of the Pacific Hake, Merluccius 
productus (Ayres). California Fish and Game 
52; 111-116. 
Martin, W. R. 
1949 The mechanics of environmental control of body 
form in fishes. Ontario Fisheries Research 
Laboratory Publication 70. 
McBride, J. R., R. A. MacLeod and D. R. Idler 
1959 Proximate analysis of Pacific herring (Clupea 
pallasii) and an evaluation of Tester's "fat 
factor". Canada Fisheries Research Board 
Journal 16; 679-684. 
McFadden, J. T. 
1961 A population study of the brook trout, Salvelinus 
fontinalis. Wildlife Monographs No. 7. 
Morrow, J. E., Jr. 
1951 Studies on the marine resources of Southern New 
England. VIII. The biology of the longhorn 
sculpin, Myoxocephalus octodecimspinosus 
Mitchill, with a discussion of the Southern New 
England "trash" fishery. Bingham Oceanographic 
Collection Bulletin 13, Article 2; 1-89. 
150 
Mottley, C. M. C. 
1941 The effect of increasing the stock in a lake on 
the size and condition of rainbow trout. Am­
erican Fisheries Society Transactions 70: 413-
420. 
Muncy, R. J. 
1957 Distribution and movements of channel and flat-
head catfish in the Des Moines River, Boone 
County, Iowa. Unpublished Ph.D. thesis. Ames, 
Iowa, Library, Iowa State University of Science 
and Technology. 
Naumov, V. M. 
1959 The ovogenesis and ecology of the sexual cycle 
of the Murmansk herring (Clupea harengus 
harengus L.) . U.S..Department of the Interior 
Fish and Wildlife Service Special Scientific 
Report-Fisheries 327: 203-262. 
Parker, R. R. 
1963 Effects of formalin on lengths and weights of 
fishes. Canada Fisheries Research Board Jour­
nal 20: 1441-1455. 
Pentelow, F. T. K. 
1939 The relation between growth and food consumption 
in the brown trout (Salmo trutta). British 
Journal of Experimental Biology 16: 446-473. 
Qasim, S. Z. 
1956 The spawning habits and embryonic development 
of the shanny (Blennius pholis L.). Zoological 
Society of London Proceedings 127: 79-93. 
Qasim, S. Z. 
1957 The biology of Blennius pholis L. (Teleostei). 
Zoological Society of London Proceedings 128: 
161-208. 
Rabe, F. W. and V. E. Dyer 
1964 Age and growth study of brook trout from three 
cirque lakes in the Unita Mountains. Utah Academy 
of Arts Sciences, and Letters Proceedings 41: 
243-254. 
151 
Reibisch, J. 
1908 Die beteiligung Deutschlands an der internation-
alen MeeresforsChung. Jahresber 4-5 Berlin, 59-
65. Original not available; cited in Tester, A. L. 
1940. A specific gravity method for determining 
fatness (condition) in herring (Clupea pallasii). 
Canada Fisheries Research Board Journal 4: 462. 
Ricker, W. E. 
1958 Handbook of computations for biological statistics 
of fish populations. Ottawa, Canada, Fisheries 
Research Board of Canada. 
Riemers, N. 
1958 Conditions of existence, growth, and longevity of 
brook trout in a small, high-altitude lake of the 
Eastern Sierra Nevada, California Fish and Game 
44; 319-333. 
Riemers, N. 
1963 Body condition, water temperature, and over­
winter survival of hatchery-reared trout in Convict 
Creek, California. American Fisheries Society 
Transactions 92: 39-46. 
Rounsefell, G. A. and W. H. Everhart 
1963 Fishery science; its methods and application. 
New York, New York, John Wiley and Sons. 
Schnabel, Z. E. 
1938 The estimation of the total fish population of a 
lake. American Mathematical Monthly 45; 348-352. 
Shireman, J. V. 
1962 Age, growth, and gonadal development of striped 
mullet (Mugil cephalus L.) in a freshwater habi­
tat, Maringouin Bayou, Louisiana. Unpublished 
M.S. thesis. Baton Rouge, Louisiana, Library, 
Louisiana State University. 
Smith, M. W. 
1938 A preliminary account of the fish populations in 
certain Nova Scotian Lakes. American Fisheries 
Society Transactions 67; 178-194. 
Smith, S. H. 
1956 Life history of lake herring of Green Bay, Lake 
Michigan. U.S. Fish and Wildlife Service Fishery 
Bulletin 109. 
152 
Snedecor, G. W. 
1956 Statistical methods. 5th ed. Ames, Iowa, Iowa 
State University Press. 
Starrett, W. C. 
1948 An ecological study of the minnows of the Des 
Moines River, Boone County, Iowa. Unpublished 
Ph.D. thesis. Ames, Iowa, Library, Iowa State 
Universtiy of Science and Technology. 
Starrett, W. C. and A. W. Fritz 
1965 A biological investigation of the fishes of Lake 
Chautauqua, Illinois. Illinois Natural History 
Survey Bulletin 29: 1-104. 
Steel, R. G. D. and J. H. Torrie 
1960 Principles and procedures of statistics. New 
York, New York, McGraw-Hill Book Company, Inc. 
Stroud, R. 
1949 Rate of growth and condition of game and pan 
fish in Cherokee and Douglas Reservoirs, Tennessee, 
and Hiawassee Reservoir, North Carolina. Tennessee 
Academy of Science Journal 24; 60-74. 
Sullivan, C. 
1956 The importance of size grouping in population esti­
mates employing electric shockers. Progressive 
Fish Culturist 18: 188-190, 
Surber, E. W. 
1943 Observations on the natural and artificial 
propagation of the smallmouth bass, Micropterus 
dolomieu. American Fishery Society Trans­
actions"72: 233-245. 
Swift, D. R. 
1955 Seasonal variations in the growth rate, thyroid 
gland activity and food reserves of brown trout 
(Salmo trutta Linn.). Journal of Experimental 
Biology 32: 751-764. 
Swift, D. R. and G. E. Pickford 
1965 Seasonal variations in the hormone content of the 
pituitary gland of the perch, Perca fluviatilis L. 
General and Comparative Endocrinology 5: 354-365. 
Taylor, H. F. 
1922 Deductions concerning the air bladder and the 
specific gravity of fishes. U.S. Bureau of 
Fisheries Bulletin 38: 121-126. 
153 
Tester, A. L. 
1940 A specific gravity method for determining fat­
ness (condition) in herring (Clupea pallasii). 
Canada Fisheries Research Board Journal 4; 461-477, 
Thomas, J. D. 
1963 Studies on the growth of trout, Salmo trutta, 
from four contrasting habitats, zoological 
Society of London Proceedings 142: 459-509. 
Thompson, D. W. 
1942 On growth and form. 2nd ed. Cambridge, England, 
The University Press. 
Van Oosten, J. and R. Hile 
1949 Age and growth of the lake whitefish, Coregonus 
clupeaformis (Mitchill), in Lake Erie, American 
Fisheries Society Transactions 77: 178-249. 
Vladykov, V. D. 
1956 Fecundity of wild speckled trout (Salvelinus 
fontinalis) in Quebec lakes. Canada Fisheries 
Research Board Journal 13: 799-841. 
Warren, C. E., J. H. Wales, G. E. Davis, and P. Doudoroff 
1964 Trout production in an experimental stream en­
riched with sucrose. Journal of Wildlife 
Management 28: 617-660. 
Wirth, T. L. 
1958 Lake Winnebago freshwater drum. Wisconsin 
Conservation Bulletin 23: 30-32. 
Wohlschlag, D. E. 
1954 Growth peculiarities of the cisco, Coregonus 
sardinella (Valenciennes), in the vicinity of 
Point Barrow, Alaska. Stanford Ichthyological 
Bulletin 4: 189-209. 
154 
ACKNOWLEDGMENTS 
This study was begun under financial support from the 
Iowa Cooperative Fisheries Research Unit, sponsored by the 
Iowa State Conservation Commission and Iowa State University. 
Since September, 1964 the author has held a fellowship 
provided by the Bureau of Commercial Fisheries, Fish and Wild 
life Service, United States Department of the Interior. 
Dr. Kenneth D. Carlander gave generously of his time; 
his assistance in the interpretation of data and the writing 
of the manuscript are greatly appreciated. 
I am grateful to Dr. Donald K. Hotchkiss for his advice 
and help with many of the statistical problems. 
Many people aided with field collections — especially 
Gene Huntsman, Richard Cornelius, and Gerard LeTendre. 
My wife, Patricia, helped greatly with typing of the 
manuscript. 
